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Executive Summary

EXECUTIVE SUMMARY
Purpose

This Resource Conservation and Recovery Act (RCRA) facility investigation (RFI) work plan establishes
the technical approach and methodology for environmental investigation of the Mortandad Canyon
system at Los Alamos National Laboratory (hereafter “the Laboratory”). Specifically, the purposes of the
investigation are to evaluate the present-day human health and ecological risks from Laboratory-derived
contaminants within the canyon system and to assess future impacts from the transport of these
contaminants. To achieve these goals, the investigation will

. determine the potential for contaminant transport into or within the Mortandad Canyon watershed;

. evaluate human health risks and ecological impacts associated with the presence of
contaminants, as needed;

. refine the conceptual model for contaminant occurrence, transport, and exposure route;

. assess the potential for interconnections between groundwater in alluvium, intermediate perched
zones, and the regional aquifer; and

. assess the projected impact that contaminants may have on off-site receptors and the Rio Grande.

This work plan presents a technical approach that will be applied to the investigation of the Mortandad
Canyon system that is, or may have been, affected by Laboratory operations. This work plan provides
information specific to the Mortandad Canyon system regarding historical land uses and Laboratory
operations; environmental setting; conceptual model for contaminant occurrence, transport, and
exposure route (hereafter “the conceptual model”); and a detailed sampling and analysis plan for
investigations. Historical background for general Laboratory operations, the regional environmental
setting, general technical approach to the investigation, and the general approach to present-day human
health and ecological risk assessment are discussed in the Core Document for Canyons Investigations
(hereafter “the core document’).

The groundwater investigations outlined in this work plan were developed in cooperation with other
Laboratory investigators who are also responsible for groundwater issues. As a result of these
consultations, Mortandad Canyon groundwater investigations are an integral part of the Laboratory’s
Hydrogeologic Workplan, which was initially developed for the Groundwater Protection Management
Program Plan. In addition, the Mortandad Canyon investigation will include supplemental characterization
of three potential release sites (PRSs) located in or adjacent to the main canyon and tributaries.

Response to Regulatory Requirements

The Laboratory Environmental Restoration (ER) Project addresses the requirements of Module VIII of the
Laboratory’s Hazardous Waste Facility Permit (the Hazardous and Solid Waste Amendments [HSWA]
Module) (modification dated May 19, 1994), which was issued by the Environmental Protection Agency
(EPA) to address corrective actions at the Laboratory. The New Mexico Environment Department (NMED)
is the administrative authority for the HSWA Module. This work plan addresses and satisfies portions of the
requirements in Section 1.5, Section Q Tasks | through V of the HSWA Module.
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Because the Mortandad Canyon system is identified as primarily a transport pathway for contaminants
migrating across and off the Laboratory rather than as the source of contaminants, a distinction is created
between the HSWA Module requirements for investigations of the canyon system and the HSWA Module
requirements for investigations of solid waste management units (SWMUSs). The Mortandad Canyon
pathway crosses American Indian and private land and eventually contributes sediments, surface water,
and groundwater to the Rio Grande. Because the Mortandad Canyon system and the associated transport
processes, rather than distinct SWMUSs, are identified as the focus, the Mortandad Canyon investigation is
different from SWMU-based investigations, in both a regulatory and a scientific perspective.

This work plan deals primarily with the investigation of affected media within the canyon system rather than
the investigation of SWMUs although supplemental characterization of three PRSs is included in the
proposed investigations. The general technical approach presented in the core document and the
sampling and analysis plan in Chapter 7 of this work plan are designed to address the broad requirements
contained in the HSWA Module Sections 1.5 and Q, as well as to provide data supporting risk-based
decisions for the three PRSs.

Background
Description of Field Unit 4

Field Unit 4, one of the six field units in the ER Project, includes three former operable units (OUSs):

OU 1098, OU 1129, and OU 1049. OU 1049 comprises 19 canyon systems with approximately 110 miles
of canyon and drainage systems located on property controlled by the Laboratory. For purposes of
planning and conducting the investigations of these canyon systems, the 19 canyons have been
consolidated into 8 groups and prioritized for investigation according to these four criteria:

. potential for risk to human health and the environment (canyons judged to pose the highest
potential risk are placed at highest priority for investigation);

. known presence of contamination (canyons known to contain Laboratory-derived contaminants,
based on records of prior use and/or monitoring data, are placed at high priority for investigation);

. amount of data available on sources, occurrence, distribution, and severity of contamination; and

. geographic proximity (adjacent canyons are combined for investigation if other criteria are also
similar for the canyons).

Conceptual Model and Technical Approach

One of the significant distinctions of the canyons investigations compared with a SWMU-based RFl is the
responsibility fo investigate the canyon as an integrated natural system. This integration is accomplished
through a conceptual model, which guides the technical approach to the investigations and is refined by
the findings of each successive investigation through refinements in models of regional stratigraphy,
groundwater and contaminant occurrence and movement, sediment transport, and geochemical
interactions. The canyons that drain the Pajarito Plateau at the Laboratory are geologically, hydrologically,
and ecologically diverse. This diversity and wide geographic extent coupled with the common
investigation objectives for all canyons necessitates a flexible and broadly applicable methodology for
these studies that is based on well-defined regulatory and technical issues applicable to the canyons.
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The characterization study area is bounded on the west by the Laboratory boundary, on the east by the
Rio Grande, in the canyon floors laterally from the stream channel to the edge of the modern floodplain
deposits, and in the stream channel vertically to the deepest groundwater bodies affected by regulatorially
defined limits of contaminant concentrations. The characterization data are used, as needed, to develop
risk scenarios based on Laboratory use, recreational land use, traditional use by American Indians, and
residential use. Risk scenarios based on impacts to future generations are recognized as possible
products of these investigations but are not explicitly dealt with at this time. Qualitative evaluation of long-
term changes will be addressed.

The Mortandad Canyon characterization activities, presented in Chapter 7 of this work plan, are designed
to collect data for risk assessment based on present-day contaminant levels, to evaluate the potential
impact of contaminant transport into and within the watershed and, subsequently, to transition to a long-
term monitoring program. The conceptual model of contaminant transport and the framework for
investigations of human or ecological risk at future times need to be refined before studies of future risk
can be undertaken. Transferring ongoing characterization activities to the Laboratory’s long-term
monitoring program ensures that later, when more detailed regulatory guidance and conceptual (and
numerical) models are available, studies of current and future risk can be performed.

Sampling and Analysis Strategy

Characterization activities in the Mortandad Canyon investigation are presented in detail in Chapter 7 of
this work plan and will include

. detailed mapping and description of the geomorphology of selected canyon reaches;

. drilling and coring of boreholes to elucidate details on the hydrogeologic structure of the Pajarito
Plateau;

. sampling and analysis of surface and near-surface sediments on the canyon floors to evaluate
surface exposure pathways, historic contaminant transport, and potential sources for migration to
groundwater;

. sampling and analysis of surface and groundwater to assess the transport pathways and potential

impacts on the different zones of saturation; and

. supplemental characterization of three PRSs located in or adjacent to the main canyon and
tributaries.

The sampling strategy is designed to gain an understanding of the nature of the contaminants present.
This understanding will be gained initially through a biased sample location selection strategy and
analyses of a limited number of samples for a broad, comprehensive suite of contaminants. The initial
analyses will enable identification of contaminants actually present, and subsequent investigation will limit
analyses to the suite of known contaminants.

For example, sediment sampling and analysis will largely be restricted to post-1942 canyon deposits in
both the active channels and the floodplains if pre-1943 deposits are not contaminated. Furthermore,
activities will focus on identifying areas most likely to contain contaminants, determining the geomorphic
settings where the greatest contaminant inventories could occur (post-1942 sediments), and assessing
the susceptibility of the contaminants to redistribution in sediments and dust. Mesa tops, alluvial and
colluvial deposits on canyon walls, and drainages of canyon walls may contain contaminants from individual
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PRSs. These sites have been or will be characterized as part of RFls conducted by other ER Project field
units, and preliminary RFls have been performed at all PRSs proposed herein for supplemental
characterization.

Because it is likely, given the historic activities, that Laboratory-derived contamination is predominantly
radioactive and that there are associated radioactive components in virtually all waste streams serving as
canyon contamination source terms, the initial sampling strategy relies heavily on the use of radiological
surveys and geomorphologic mapping to give a broad view of the distribution of contaminants within
surface sediments. Discrete sampling points will be identified initially using radiological screening surveys
and geomorphologic features.

In all sediment sampling and analyses, the selection criteria for location and analytical protocols will be
designed to develop the best possible data set at the most reasonable cost. An iterative technique will be
used to select locations for additional sampling and analysis to minimize uncertainty in the spatial
distributions of contaminant concentrations. The iterative strategy will allow the investigators to adjust the
characterization activities to observed conditions in the field. This approach will ultimately lead to a well-
defined and quantitative understanding of the natural systems and processes involved in contaminant
occurrence and transport in the Mortandad Canyon system.

Groundwater investigations in Mortandad Canyon also will focus on areas most likely to contain
contaminants, such as the near-surface alluvial groundwaters downgradient of known release sites.
Results of these groundwater investigations will also be used to enhance current Laboratory groundwater
monitoring systems, if necessary. Studies of the deep unsaturated zone, potential intermediate-depth
groundwater, and the regional aquifer will provide information about contaminants in potential
intermediate perched zones and the top of the regional aquifer. Proposed boreholes drilled to investigate
these deep groundwater systems in Mortandad Canyon will initially be sited downgradient of PRSs with
large radionuclide inventories and where Laboratory surveillance data indicate that Laboratory-derived
contaminants are present in the deeper groundwaters. Groundwater investigations in the Mortandad
Canyon system will follow an iterative approach in which information obtained from each borehole will be
evaluated in the context of the hydrogeological portion of the conceptual model. These ongoing
evaluations will be made in collaboration with other investigators implementing the Hydrogeologic
Workplan and may lead to changes in the locations and numbers of future boreholes. Changes in the
scope of groundwater investigations will be negotiated annually with the regulators.

Schedule and Reporting

Annex | of the core document contains a preliminary schedule for conducting the Mortandad Canyon
investigation. The schedule is subject to change based on future DOE funding.

The Laboratory, DOE, NMED, EPA, and the stakeholders have not produced a final definition of the types
and schedule of reports for the efforts in executing this work plan and sampling and analysis plan.
Because Mortandad Canyon and tributaries contain three PRSs proposed herein for supplemental
characterization (the Technical Area 50 Radioactive Liquid Waste Treatment Facility outfall [PRS No.
50-006(d)], contamination associated with a release [PRS No. 50-006(a)], and the sediment traps [PRS
No. 00-001]), reporting schedules pertinent to the HSWA Module are directly applicable.

Consistent with the technical approach, the Laboratory will notify NMED if any results indicate the need for
stabilization.
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Structure of the Work Plan

This work plan contains seven chapters and five appendixes as listed below.

Chapters

Chapter 1 gives a brief introduction to the overall regulatory, operational, and environmental setting.

Chapter 2 provides the historical background for the archaic and modern land uses within the investigation
areas, including a discussion of possible contaminant sources based on archival data.

Chapter 3 describes the environmental setting for Mortandad Canyon and its tributaries and summarizes
available data germane to the current investigation.

Chapter 4 develops the conceptual model for the Mortandad Canyon system and its implications in
shaping the overall investigation efforts.

Chapter 5 refers the reader to the core document, which describes the general technical approach that will
be followed during execution of this work plan.

Chapter 6 refers the reader to the core document, which explains the human health and ecological risk
assessment considerations and approach for evaluating the data derived from the investigation. (Details

on data collection for the present-day human health risk assessment and the ecological risk assessment
are discussed in Chapter 7.)

Chapter 7 contains the sampling and analysis plans for the initial characterization efforts in Mortandad
Canyon and describes more fully the implementation of the reach concept for investigations. Elements of
the quality assurance project plan are included; groundwater investigations are described in detail.
Appendixes

Appendix A contains the fold-out color maps referenced in the text.

Appendix B lists the PRSs in the Mortandad Canyon watershed and their current status.

Appendix C contains the analytical results for sediment samples collected at PRS No. 50-006(d).

Appendix D contains drilling and well completion data for wells, boreholes, and moisture access tubes in
the Mortandad Canyon system.

Appendix E lists the individuals who contributed to this work plan.
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Acronyms and Abbreviations

ACRONYMS AND ABBREVIATIONS

AA administrative authority

AEC Atomic Energy Commission

AGL above ground level

API American Petroleum Institute

ASTM American Society for Testing and Materials

BDL below detection limit

BSV background screening value

BT Bandelier Tuff

C/CH core hole, not completed

CEARP Comprehensive Environmental Assessment and Response Program
CEDE committed effective dose equipment

cfs cubic feet per second

COPC chemical of potential concern

cpm counts per minute

CcT Cerro Toledo (interval)

CVAA cold vapor atomic absorption

CWA Clean Water Act

DCG derived concentration guide

D&D decontamination and decommissioning

DOC dissolved organic carbon

DOE Department of Energy

DQO data quality objective

EC expedited cleanup

ECD electron capture detector

EDL estimated detection limit

EPA Environmental Protection Agency

EQL estimated quantitation limit

ER Environmental Restoration

ESAL ecotoxicological screening action level

ESG Environmental Surveillance Group

ESH Environment, Safety, and Health (Laboratory Division)
ET evapotranspiration

ETVAA electrothermal vaporization atomic absorption
FIDLER field instrument for detecting low-energy radiation
FIMAD Facility for Information Management, Analysis, and Display
FU field unit

FY fiscal year

GC gas chromatography
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Acronyms and Abbreviations

GC/ECD
GC/MS
GFAA
GL

GPC
gpd
gpm

GS
HEPA
HPGe
HSWA
HTO

A

ic
ICPES
ICPMS
WP

Ks
LAMPRE
LAPRE
LEHPGe
LSC
LSD MP
M

Ma

MC
MCL
MCO
MDA
MDA
MOU
MP

MS
MSL

n/a

NA

N/A
N.A.
Nal(Ti)
NFA

gas chromatography/electron capture detector
gas chromatography/mass spectrometry
graphite furnace atomic absorption
ground level

gas proportional counter

gallons per day

gallons per minute

gaging station

high-efficiency particulate air

high-purity germanium

Hazardous and Solid Waste Amendments
tritiated water

interim action

ion chromatography

inductively coupled plasma emission spectroscopy

inductively coupled plasma mass spectrometry
Installation Work Plan
distribution coefficient

Los Alamos molten plutonium reactor experiment

Los Alamos power reactor experiment
low energy, high-purity germanium
liquid scintillation counting

land surface datum measuring point
moisture access hole

million years ago

Mortandad Canyon

maximum contaminant level
Mortandad Canyon observation
material disposal area

minimum detectable activity
memorandum of understanding
measuring point

mass spectrometry

mean sea level

location has not been surveyed
not analyzed

not applicable

not available

thallium doped sodium iodide

no further action
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Acronyms and Abbreviations

NM New Mexico

NMED New Mexico Environment Department

NMED OB New Mexico Environment Department Oversight Bureau
NMWQCC New Mexico Water Quality Control Commission

NOD notice of deficiency

NPDES National Pollutant Discharge Elimination System

NR not reported

NTS Nevada Test Site

NTU nephelometric turbidity unit

(0] observation (well)

ol observation intermediate (well)

ou operable unit

PAH polycyclic aromatic hydrocarbon

PCB polychlorinated biphenyl!

PDL public dose limit

ppm parts per million

PRS potential release site

PTD proposed total depth

PVC polyvinyl chloride

Qbo Otowi Member of the Bandelier Tuff

Qbt 1g cooling unit 1g of the Tshirege Member of the Bandelier Tuff
Qbt 1v cooling unit 1v of the Tshirege Member of the Bandelier Tuff
Qbt 2 cooling unit 2 of the Tshirege Member of the Bandelier Tuff
Qbt 3 cooling unit 3 of the Tshirege Member of the Bandelier Tuff
Qbt 4 cooling unit 4 of the Tshirege Member of the Bandelier Tuff
QC quality control

R regional aquifer

RCRA Resource Conservation and Recovery Act

RFI RCRA facility investigation

RLWTF Radioactive Liquid Waste Treatment Facility

RP report pending

SAL screening action level

SF Santa Fe

Sl saturation index

SOP standard operating procedure

SvocC semivolatile organic compound

SWL static water level (below measuring point)

SWSC Sanitary Wastewater Systems Consolidation

TA technical area

TBD to be determined
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Acronyms and Abbreviations

D total depth

DS total dissolved solids

TEDE total effective dose equivalent

Tl thermal ionization

TIMS thermal ionization mass spectrometry
TPH total petroleum hydrocarbons

TSC Ten Site Canyon

w test well

UHTREX ultra-high-temperature reactor experiment
Unc uncertainty in counting statistics

us United States

USGS United States Geological Survey
USRADS Ultrasonic Ranging and Data System
UsT underground storage tank

UTL upper tolerance limit

VCA voluntary corrective action

VOC volatile organic compound

WB water balance
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Chapter 1 Introduction

1.0 INTRODUCTION

This Resource Conservation and Recovery Act (RCRA) facility investigation (RFI) work plan describes
investigations to be conducted in the Mortandad Canyon system as part of the Environmental Restoration
(ER) Project at Los Alamos National Laboratory (hereafter “the Laboratory”). These investigations are
being conducted by Field Unit 4 personnel. This work plan includes a summary and evaluation of previous
hydrogeologic and contaminant studies in the Mortandad Canyon system and a description of new
investigations to evaluate present-day human health and ecological risk that have resulted from
Laboratory releases to the canyon. The work plan also discusses the effects of current and past releases
into Ten Site Canyon and Effluent Canyon; both are tributaries to Mortandad Canyon.

1.1 Purpose

The purpose of the Mortandad Canyon investigation is to evaluate present-day human health and
ecological risks from Laboratory-derived contaminants and to assess future impacts from the transport of
these contaminants. Specifically, this investigation will

. determine the extent to which the stream channel and active floodplain sediments, and
underlying groundwater in Mortandad Canyon have been affected by Laboratory releases;

. determine contaminant transport pathways and mechanisms specific to the canyon system and
refine the conceptual model for contaminant occurrence, transport, and exposure routes
(hereafter “the conceptual model’);

. assess the potential for interconnections between groundwater in alluvium, intermediate perched
zones, and the regional aquifer;

. assess present-day risk to human health and ecological systems and evaluate the potential for
transport of contaminants to cause human health and ecological risks in the future;

. provide supplemental characterization of three potential release sites (PRSs) located in or
adjacent to the main canyon and tributaries; and

. recommend possible remedial actions for areas on the canyon floor that are found to have
unacceptable present-day human health or ecological risks.

The Mortandad Canyon investigation will characterize contaminant distributions in surface water of the
active stream channel, groundwater beneath the canyon floor, and sediments in those parts of the canyon
floor that are affected by Laboratory operations both on-site and potentially off-site. Mesa tops, alluvial and
colluvial deposits on canyon walls, and small drainages off canyon walls may contain contaminants from
individual PRSs; these sites will be characterized primarily as part of RFls conducted by Field Unit 4 and
other ER Project field units. Results of field investigations conducted by other field units have been
included in the planning and implementation of investigations conducted in the Mortandad Canyon
system.

1.2 Relationship to Other Documents

This work plan is tiered to the Core Document for Canyons Investigations (hereafter “core document”)
(LANL 1997, 55622), which provides the general framework for investigations in canyon systems and
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provides information common to all the investigations. The core document includes a description of the
regulatory and programmatic framework for investigations, historical information on area land uses and
Laboratory operations, a summary of the regional environmental setting, the generalized conceptual
model for the canyon systems, the general technical approach for all canyons investigations, and the
present-day human health and ecological risk assessment approach.

This canyon-specific work plan contains only a brief introduction, a discussion of the canyon’s history,
summaries of the environmental setting and previous investigations conducted in Mortandad Canyon,
canyon-specific details on the investigation objectives and technical approach, and a comprehensive
sampling and analysis plan.

Table 1.2-1 lists the major RFI tasks and subtasks required in Section Q of Module VIII of the Laboratory’s
Hazardous Waste Facility Permit (EPA 1990, 1585) and the location in this document and/or the core
document (LANL 1997, 55622) where these requirements are addressed.

TABLE 1.2-1
LOCATION OF DISCUSSIONS OF HSWA* MODULE REQUIREMENTS

HSWA Module Requirements Core Document This Document

RFI Task I: Description of Current Conditions

Facility Background Chapters 2 and 3 Chapter 2
Nature and Extent of Contamination Chapters 2 and 3 Chapter 3
RFI Task Il: RFI Workplan
Data Collection Quality Assurance Plan Future sampling and analysis plans Chapter 7
Data Management Plan Annex Il
Health and Safety Plan Annex Il
Community Relations Plan Annex IV
RFI Task lll: Facility Investigation
Environmental Setting Chapter 3 Chapter 3

Source Characterization

Chapters 2, 3, 4, and 5

Chapter 2

Contamination Characterization

Chapters 2, 3, 4, and 5

Chapters 2, 3, and 4

Potential Receptor Identification Chapters 4 and 6 Chapter 4

RFI Task IV: Investigative Analysis
Data Analysis Chapters 5 and 6 Chapter 7
Protection Standards Chapter 6

RFI Task V: Reports
Preliminary and Workplan Entire Document
Progress Draft and Final Chapter 7 and Annex |

*HSWA = Hazardous and Solid Waste Amendments

The groundwater investigations in Mortandad Canyon are an integral part of the Laboratory’s
Hydrogeologic Workplan (LANL 1996, 55430), which was developed to implement the Groundwater
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Protection Management Program Plan (LANL 1995, 50124). Groundwater investigations will follow an
iterative approach in which information obtained from each successive borehole and well will be evaluated
in the context of the hydrogeological portion of the conceptual model. These ongoing evaluations will be
made in collaboration with other investigations implementing the Hydrogeologic Workplan and may lead to
changes in the locations, numbers, and sequence of future boreholes and wells. In accordance with the
approach discussed in the Hydrogeologic Workplan, changes in the scope of groundwater investigations
will be negotiated annually with the regulators.

The remainder of this introductory chapter gives a brief physical description of Mortandad Canyon and its
tributaries and outlines the organization of this work plan.

1.3 Location and Environmental Setting

Mortandad Canyon is located on the Pajarito Plateau in the north-central part of the Laboratory (Figure
1.3-1). The canyon heads near the CMR Building (Technical Area [TA] -3, SM-29) at an elevation of about
7417 ft (2261 m) and trends east-southeast across the Laboratory and San lldefonso Pueblo land. It
empties into the Rio Grande in White Rock Canyon at an elevation of 5611 ft (1710 m). The main channel
is about 9.8 mi (15.8 km) long, and the total watershed area is approximately 6.0 m? (15.5 kn®). In addition,
Canfada del Buey, a major tributary that joins with Mortandad Canyon approximately 0.5 mi (0.8 km)
upstream of the Rio Grande, has a total watershed area of 4.3 m¥ (11.1 km?) (LANL 1997, 55622).

Radioactive wastewater has been discharged into the Mortandad Canyon system since 1951. Currently,
effluent from the Laboratory’s Radioactive Liquid Waste Treatment Facility (RLWTF) at TA-50 is the main
source of liquid discharges to Mortandad Canyon. The concentrations of selected contaminants in the
discharge are regulated under the National Pollutant Discharge Elimination System (NPDES) as NPDES
outfall 051. The concentrations of radionuclides not subject to NPDES regulations are targeted for control
at levels equal to or less than the Department of Energy (DOE) derived concentration guides for
uncontrolled areas in accordance with DOE Order 5400.5 (DOE 1990, 0080). In August 1996 the
Laboratory submitted an application for a groundwater discharge plan to the New Mexico Environment
Department (NMED) (LANL 1996, 55688). The plan provides for projected discharges ranging from 2.17
to 8.69 million gal. (8213 to 32,890 m®) per year. The TA-50 RLWTF discharged 5.5 million gal. (20,818
m®) in 1994 and 4.6 million gal. (17,411 m°) in 1995 into Mortandad Canyon. Chapter 2 of this work plan
contains a more detailed discussion of past and present discharges.

Other significant sources of water into Mortandad Canyon include cooling water tower discharges at TA-48
and TA-35 and storm water runoff from TAs -3, -35, -48, -50, -52, -55, -60, and -63. These discharges are
also regulated by NPDES.

PRSs within the Mortandad Canyon watershed are located at TA-3 and TA-60 (Sigma Mesa) (associated
with former Operable Unit [OU] 1114); former TA-4, TAs -5, -35, and -48, former TA-42, TAs -52, -55, and
-63 (associated with former OU 1129); and TA-50 and material disposal area C (associated with former OU
1147) (Figure 1.3-2). Figure A-1 in Appendix A of this work plan shows the locations of the PRSs, and
Appendix B lists the PRSs and their current status. Three PRSs are located within the area designated
herein for investigation, that is, in or adjacent to the main canyon and tributaries: the TA 50 RLWTF outfall
(PRS No. 50-006[d]), contamination associated with a release (PRS No. 50-006(a]), and the sediment
traps (PRS No. 00-001). The investigations proposed herein include characterization to supplement
preliminary RFIs conducted previously at these PRSs.
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1.4 Organization of this Work Plan

Following this introductory chapter, Chapter 2 provides background information on Mortandad Canyon
and its tributaries on Laboratory property (Ten Site Canyon and Effluent Canyon), including a description
and history of the area and the potential sources of contamination; Chapter 3 provides details on the
canyon-specific environmental setting; Chapter 4 contains the conceptual model specific to the canyon
system as an expansion in detail of the conceptual model in the core document (LANL 1997, 55622);
Chapter 5, the technical approach, incorporates the core document technical approach by reference
(LANL 1997, 565622); Chapter 6, the present-day human health and ecological risk assessment approach,
also incorporates the core document risk assessment approach by reference; and Chapter 7 contains the
detailed sampling and analysis plans for addressing the objectives discussed in Section 1.1.

A list of acronyms precedes Chapter 1. Definitions of unfamiliar terms can be found in Chapter 4 of the
Installation Work Plan for Environmental Restoration Program (LANL 1996, 55574) and in the Glossary of
Geology (Bates and Jackson 1987, 50287).

1.5 Units of Measurement

The units of measurement used in this document are expressed in both English and metric units,
depending on which unit is commonly used in the field being discussed. For example, English units are
used in text pertaining to engineering, and metric units are often used in discussions of geology,
geochemistry, and hydrology. When information is derived from some other published report, the units
are consistent with those used in that report. However, both English and metric units are provided for
measurements of length, area, and volume.
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Chapter 2 Background

2.0 BACKGROUND

Chapter 2 of the Core Document for Canyons Investigations (hereafter “the core document”) (LANL 1997,
55622) presents a general discussion of the location, prehistoric and historic use, and potential sources of
contamination of the canyons and a discussion of environmental protection and monitoring programs
relevant to the canyons. This chapter focuses on Mortandad Canyon and its tributaries and discusses the
topics in appropriate detail for a canyon-specific work plan.

2.1 History of Mortandad Canyon
2.1.1 Prehistoric Use

Habitation and possible use of lower Mortandad Canyon for farming are evidenced by the presence of caves
possibly from the Prehistoric Indian Pueblo Period (LANL 1997, 55622 pp. 2—4) in the canyon on Los
Alamos National Laboratory (hereafter “the Laboratory”) property. Numerous cave habitation sites and a
deer trap are present along the north wall of lower Mortandad Canyon. Several caves retain inscriptions and
petroglyphs, and one cave, called Cave Kiva, contains well-preserved petroglyphs. This cave has been
fitted with access controls to prevent vandalism. To preserve the integrity of the cave sites, they have not
been shown on the accompanying maps. The lower canyon floor is broad and was possibly used for garden
plots, but no prehistoric structures are known to exist there.

2.1.2 Pre-Laboratory Historic Use

The remains of a homestead are present on the south side of lower Mortandad Canyon on Laboratory
property, where a 7-ft-diameter (2.1-m-diameter) cistern and scattered remains of a corrugated tin metal roof
and other artifacts are present. An archeological survey of the site performed in 1982 concluded that the
artifact assemblage represented limited use during the period circa 1920 to 1940 (Purtymun 1994, 52951).
Aerial photographs of the site taken in 1935 show that Mortandad Canyon east of the present-day sediment
trap area was cleared and cultivated for crops. The old homestead building was used as a temporary shelter
by mounted security patrols during the 1940s and 1950s. The building reportedly burned sometime in the
1950s when it was accidentally ignited by a security patrol preparing coffee.

Sigma Mesa, located north of upper Mortandad Canyon, was also an agricultural site before 1943 (LANL
1993, 51977). The 1935 aerial photographs show that the mesa tops south of Mortandad Canyon in the
areas of Technical Areas (TAs) -35, -50, -55, and -63 were also cleared and cultivated for crops.

An old, breached, earthen dam is present in upper Mortandad Canyon. The age of the dam is not known,
but it may have been built by the homesteaders to collect surface water runoff for livestock.

2.1.3 Laboratory Operational Use

The primary Laboratory use of Mortandad Canyon has been for liquid waste disposal. Mortandad Canyon
and its tributaries have received liquid waste from various Laboratory operations possibly since the
Laboratory began operation in 1943. These early discharges were probably limited to outfalls from buildings
associated with firing sites located at TA-4 and TA-5 (see Section 2.4.2 and Section 2.4.3). However, the
first recorded discharges into Mortandad Canyon and its tributaries occurred coincident with construction of
Ten Site, which is now TA-35 on Ten Site Mesa. Sanitary septic systems and the TA-35 wastewater
tfreatment plant began discharging circa 1951. With the continued expansion of Laboratory operations to
new sites in the 1950s and 1960s, specifically at TAs -48, -50, and -60, additional discharges began.
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Beginning in 1963, radioactive liquid wastes from Laboratory operations have been collected and treated at
the Radioactive Liquid Waste Treatment Facility (RLWTF) at TA-50 using classical but effective chemical and
physical treatment technology (LANL 1996, 55688). The TA-50 RLWTF has operated continually with
periodic upgrades being made to the treatment process. Major upgrades to meet new National Pollutant
Discharge Elimination System (NPDES) requirements and the Department of Energy (DOE) derived
concentration guides for radionuclides in water in uncontrolled areas (DOE 1990) are being implemented in
1997 and 1998. The discharge has been regulated as NPDES outfall 051 since 1990 and contains typically
low levels of radionuclides and other chemical constituents (see Section 2.4.6 for additional information
about the TA-50 RLWTF). The discharge flows a short distance downstream in Mortandad Canyon, infiltrates
into the alluvium, into a shallow body of perched groundwater in middle Mortandad Canyon.

The Laboratory has installed numerous wells in the canyon alluvium and the hydrogeologic unit immediately
below and routinely monitors the groundwater and sediment in the canyon. Monitoring data are reported
annually in environmental surveillance reports (for example, Environmental Protection Group 1996, 54769).
Evaluation of the monitoring data has shown that most of the radionuclides (fission products and actinides)
discharged are adsorbed to the sediments; to date the inventory of transuranic radionuclides (about 400
mCi) discharged to the canyon has been shown to be largely contained within Laboratory boundaries
(Stoker et al. 1991, 7530).

Because most of the radionuclides are associated with the sediments, three sediment traps were
constructed about 2 mi (3.2 km) downstream from the TA-50 RLWTF outfall in middle Mortandad Canyon.
The sediment traps dissipate the energy of major runoff events and capture transported sediments, thus
eliminating or reducing radionuclide transport downstream. Two sediment traps were constructed in 1976,
and a third was constructed in 1980. The sediment traps have been rebuilt several times, most recently in
1986 to their current configuration (LANL 1996, 55574). Section 2.3.1 provides details on the history and
management of the sediment traps. The sediment traps are monitored in accordance with the requirements
of Section C.3 of Hazardous and Solid Waste Amendments (HSWA) Module VIII (EPA 1990, 1585) of the
Laboratory’s Hazardous Waste Facility Permit (hereafter ‘the HSWA Module”) (LANL 1995, 50124).

Environmental Restoration (ER) Project personnel have identified various industrial and sanitary waste
outfalls that currently discharge, or discharged in the past, to Mortandad Canyon and its tributaries as
potential release sites (PRSs). The PRSs are documented in the Resource Conservation and Recovery Act
(RCRA) facility investigation (RFI) work plans for Operable Unit (OU) 1114 (LANL 1993, 51977), OU 1129
(LANL 1992, 7666), and OU 1147 (LANL 1992, 7672). These PRSs are shown in Figure A-1 in Appendix A
and listed with current status in Appendix B of this work plan, and are discussed further in this chapter.

The data from routine monitoring and special studies that have been conducted for three decades in the
Mortandad Canyon system are voluminous. The results of relevant investigations and monitoring data are
discussed in Chapter 3.

2.1.4 Current Recreational Use

The Mortandad Canyon system encompasses land managed by the Laboratory and land owned by San
lldefonso Pueblo (Figure 1.3-2). Currently, hiking trails provide recreational access to the portion of the
canyon on Laboratory land. Local residents use a portion of the canyon for activities such as biking, jogging,
bird watching, and viewing archaeological sites. The Prehistoric Indian Pueblo Period sites, including Cave
Kiva, are popular hiking destinations. The portion of Mortandad Canyon on San lldefonso Pueblo land is not
open to recreational use, and public access is restricted by fences and signs.
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In upper Mortandad Canyon Laboratory discharges provide sufficient moisture to support plant communities
that are rare in the general environs. Berries, such as strawberries and raspberries, and other edible plants
are abundant and may be gathered or consumed by people using the canyon as well as by foraging animals
and birds. In middle Mortandad Canyon firewood is collected by area residents.

2.2 Environmental Monitoring and Regulatory Compliance

Chapter 2 of the core document (LANL 1997, 55622) provides a summary of environmental protection
programs and environmental monitoring programs operated by the Laboratory for chemical and radiological
quality of surface water, groundwater, and sediments at the Laboratory. A summary of the history of
environmental monitoring in Mortandad Canyon is provided in this section, and a discussion of the results of
the historical environmental monitoring is provided in Chapter 3.

2.2.1 Historical Environmental Monitoring

From 1951 to 1963 the Laboratory’s wastewater treatment plant was operated at TA-35. Routine and
accidental discharges from the wastewater treatment plant into Ten Site Canyon and a small tributary known
locally as “Pratt Canyon” (a name used herein for convenience only) were monitored sporadically. Some
surveillance activities occurred, but the Laboratory’s formal environmental surveillance program, which was
initiated in 1970, had not yet been implemented. Since 1988 a formal environmental surveillance program
has been required under DOE Order 5400.1 (DOE 1988).

In 1960 the United States Geological Survey (USGS) began hydrologic monitoring and studies in Mortandad
Canyon to provide information supporting the selection of a site for discharging treated low-level radioactive
liquid waste (Baltz et al. 1963, 8402). The existing wastewater treatment plant at TA-35 was not considered
adequate to handle the increasing volume of liquid radioactive wastes associated with expanding Laboratory
operations; therefore, the Laboratory and USGS conducted investigations to select the site of the new
RLWTF and the canyon into which low-level liquid wastes could best be discharged. Mortandad Canyon was
selected for discharge based on the following criteria (Baltz et al. 1963, 8402):

. relatively isolated location on the Pajarito Plateau,
. relatively small drainage area, and
. large amount of alluvium.

After the RLWTF began operations at TA-50 in 1963, monitoring of the alluvial groundwater and of
contaminants in the groundwater and the sediments continued (Purtymun 1964, 11822; Purtymun 1967,
8987; Purtymun and Kunkler 1967, 8888; Purtymun 1974, 5476; Purtymun 1983, 6407; Nyhan et al.

1982, 7164; Environmental Protection Group 1996, 54769). The discharges provided a unique opportunity
to study the mechanisms of radionuclide transport in sediments and groundwater; the results of several
studies were reported within three to five years after the TA-50 RLWTF began operations. The
Environmental Surveillance Group began systematic monitoring in the canyons in 1970; data are reported in
the Laboratory’s annual environmental surveillance reports and other special reports (for example, ESG
1990, 6995; Elder and Knoell 1986, 6670; Montoya 1991, 6997).

2.2.2 Current and Proposed Environmental Monitoring
Groundwater monitoring and protection efforts at the Laboratory have evolved from the early programs

initiated by the USGS to present efforts that include the ER Project, the Groundwater Protection
Management Program Plan (LANL 1995, 50124), environmental surveillance, the Decommissioning
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Project, and emergency management and response programs. Other protection efforts include those
required by various state of New Mexico regulations, the Clean Water Act (CWA), NPDES, and the RCRA
Part B permit and the HSWA Module. Table 2.2.2-1 summarizes some the existing environmental
monitoring and surveillance programs that are being implemented in Mortandad Canyon.

TABLE 2.2.2-1

SUMMARY OF LABORATORY ENVIRONMENTAL PROGRAMS
RELATED TO MORTANDAD CANYON

Environmental Date Approved Regulatory
Program Implemented Activity Agency Comment
RCRA Permit November 1989 Hazardous waste storage, | EPA Compliance by ESH-19
treatment, and disposal NMED
HSWA Module of May 23, 1990 RCRA corrective actions EPA RFI currently ongoing
RCRA Permit (new requirements NMED by ER Project
effective May 19,
1994)
NPDES Program, CWA | January 30, 1990 Discharge of industrial and | EPA Compliance by ESH-19
(revised August 1994) | sanitary liquid effluents NMED
NPDES Storm Water General permit Storm water associated EPA Compliance by ESH-19
Permit, CWA August 25, 1993 with industrial activities NMED
Groundwater Pending regulatory Groundwater monitoring, NMED RLWTF discharge plan
Protection approval discharge from the RLWTF submitted August
Management Program 1996
(Hydrogeologic
Workplan and RLWTF Groundwater
Discharge Plan) monitoring plan
submitted December
1996
Annual environmental | Circa 1970 DOE orders compliance DOE Annual surveillance
surveillance reports

The Laboratory conducts various other surface water and groundwater quality protection programs in
compliance with the CWA, the Safe Drinking Water Act, the Qil Pollution Prevention Act, and the New
Mexico Water Quality Control Commission (NMWQCC) regulations. The programs include the Sanitary
Waste Water Consolidation Plant; Storm Water Pollution Prevention Plan; Spill Prevention, Control, and
Countermeasures Program; and Waste Stream Identification and Characterization Program. These programs
are thoroughly discussed in Chapter 2 of the core document (LANL 1997, 55622) and in the Groundwater
Protection Management Program Plan (LANL 1995, 50124).

Additional monitoring specific to Mortandad Canyon is required by the NMWQCC for discharges that may
affect groundwater. The discharge from the TA-50 RLWTF is subject to these requirements. As required by
NMWQCC regulations (New Mexico Water Quality Control Commission 1995, 54406), a Ground Water
Discharge Plan Application for the TA-50 Radioactive Liquid Waste Treatment Facility was submitted to the
New Mexico Environment Department (NMED) (LANL 1996, 55688). This plan (which is pending approval)
addresses discharges into Mortandad Canyon and will provide the monitoring of surface water and
groundwater that is required. This program will be coordinated with other monitoring efforts described above
and in the core document.
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The alluvial groundwater wells used for environmental surveillance in Mortandad Canyon are listed in Table
2.2.2-2. One test well (TW-8) provides water level and water quality information on the regional aquifer. Five
shallow alluvial groundwater wells, also called “observation” wells, (MCO-4, MCO-5, MCO-6, MCO-7, and
MCO-7.5) are routinely sampled. These wells are located in the middle canyon along approximately a 2-mi
(3.2-km) section that corresponds to the known extent of alluvial groundwater. Well MCO-7.5 is located
downstream of the Mortandad Canyon sediment traps (LANL 1995, 50124). Numerous other wells have
been installed in Mortandad Canyon for various purposes. These wells are discussed further in Chapter 3 of
this work plan.

2.2.3 HSWA Module Requirements

Section C.1 of the HSWA Module (EPA 1990, 1585) includes a requirement for special monitoring of the
saturated alluvium in Mortandad Canyon. In 1990 three wells (MCO-4B, MCO-6B, and MCO-7A) were
installed near existing wells MCO-4, MCO-6, and MCO-7, as required. These wells were sampled and
analyzed for 10 standard radionuclides, metals, general inorganic chemicals, and organic chemicals; the
results were reported by Stoker et al. (1991, 7530).

Section C.3 of the HSWA Module (EPA 1990, 1585) requires the maintenance and operation of the
sediment traps in Mortandad Canyon to “ensure containment of all residual sediment contamination within
the facility boundary.” The sediment traps were cleaned out and enlarged in 1992 to maintain the capability
for intercepting surface water and trapping sediments (Environmental Protection Group 1994, 45363).
Ad(ditional information about the sediment traps is provided in Section 2.3.1 and Section 3.4.4.2.4 in
Chapter 3 of this work plan.

A subsurface investigation of saturation below the alluvium in Mortandad Canyon was required in Section
C.6 of the HSWA Module. The prescribed data included cores collected through the alluvium into the
underlying bedrock. In May 1991 four boreholes (for moisture access tubes MCM-5.1, MCM-5.9A, and
MCC-8.2 and well SIMQO) were drilled through the alluvium into bedrock tuff; the findings were reported by
Stoker et al. (1991, 7530) and are summarized in Chapter 3 of this work plan.

As discussed in Section 2.3 of the core document (LANL 1997, 55622), monitoring of groundwater in wells
and springs on San lldefonso Pueblo land is conducted by the Laboratory under a Memorandum of
Understanding (MOU). The MOU also covers investigations of soils, sediments, and foodstuffs that are
potential contaminant exposure pathways. In accordance with the MOU, a special investigation of Mortandad
Canyon sediments was performed. The results were reported in the annual environmental surveillance
report for 1992 (Environmental Protection Group 1994, 45363) and are summarized in Chapter 3 of this
work plan.

2.3 Sources of Potential Contamination within Mortandad Canyon

Potential contamination sources (as PRSs) within the Mortandad Canyon watershed and their current
regulatory status are listed in Appendix B of this work plan. The locations of PRSs that are discussed in this
section are shown on Figure A-1 in Appendix A of this work plan.

2.3.1 Mortandad Canyon Sediment Traps

PRS No. 00-001 comprises the area of the old and current sediment traps in Mortandad Canyon (Figure
2.3.1-1). The site is approximately 900 ft (274 m) long and a maximum of 200 ft (61 m) wide along the
Mortandad Canyon stream channel downstream from the confluence of Mortandad Canyon and Ten Site
Canyon. The sediment traps are located approximately 1.75 mi (2.82 km) downstream from the TA-50
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RLWTF outfall and approximately 1.4 mi (2.3 km) upstream from the Laboratory boundary (Purtymun 1994,
52951). Personnel from Field Unit 4 of the ER Project studied this site in 1995 as part of the preliminary site
characterization; the findings are discussed in Section 3.4.4.2.

TABLE 2.2.2-2

ENVIRONMENTAL SURVEILLANCE GROUNDWATER MONITORING WELLS
IN MORTANDAD CANYON

Date Ground Depth of Screened
Well Installed Elevation Casing (ft) | Interval (ft) Purpose Comment
(ft)

MCO-2 1960 7137 9 2-7 Alluvial observation | a

MCO-3 1967 7053 12 2-12 Alluvial observation | a
Temporarily out of
service

MCO-4 1963 6900 19 14-19 Alluvial observation | a
Temporarily out of
service, replaced by
MCO-4B

MCO-4A 1989 6888 19.4 9.4-19.4 Alluvial observation | b

MCO-4B 1990 6888 33.9 8.9-28.9 Alluvial observation | b

MCO-5 1965 6876 46 21-46 Alluvial observation | a

MCO-6 1974 6850 47 27-47 Alluvial observation | Replacement for original
MCO-6 drilled in 1960

MCO-6A 1989 6850 36 22.7-32.7 | Alluvial observation | b

MCO-6B 1990 6850 47.1 22-42 Alluvial observation | b

MCO-7 1960 6827 69 39-69 Alluvial observation | a

MCO-7A 1989 6828 44.8 34.8-44.8 | Alluvial observation | a

MCO-7.5 1961 6809 60 35-60 Alluvial observation | a

MCO-8 1960 6797 84 64-84 Alluvial observation | a
Damaged and out of
service since 1978

MCO-8A 1960 6797 50 40-50 Alluvial observation | a

MCO-8.2 1961 6782 70 Alluvial observation | a

MCO-9 1960 6750 55 45-55 Alluvial observation | a

MCO-12 1971 6697 108 88-108 Alluvial observation | a

MCO-13 1970 6674 107 87-107 Alluvial observation | a

MT-1 1988 6812 69 Alluvial observation | a

MT-2 1988 6796 64 44-54 Alluvial observation | a

MT-3 1988 6797 74 Alluvial observation | a

MT-4 1988 6784 74 54-64 Alluvial observation | a

SIMO 1990 6651 104 50-60, Alluvial observation | b

80-90

TW-8 1960 6878 1065 953-1065 | Regional aquifer well | a

a. Observation well for baseline environmental surveillance monitoring and sampling

b. HSWA Special Permit wells sampled in 1990, results reported in Stoker et al. (1991, 7530); resampled in 1995, results pending

Source: LANL 1995, 50124
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To ensure containment of sediments fransported by major runoff events within the Laboratory boundaries, a
series of sediment traps was installed in Mortandad Canyon between 1974 and 1986. In 1974 five shafts (12
in. [30.5 cm] in diameter and 20 ft [6.1 m] deep) were constructed in the stream channel east of well MCO-7.
These shafts were filled with coarse gravel that trapped surface runoff and acted as an infiltration gallery to
promote infiltration into the alluvium. Two wells (MCO-7.1 and MCO-7.1A) were constructed downgradient
from the shafts to monitor the effects of the infiltration gallery. However, runoff events in 1974 and 1975
filled the shafts with fine sediments, which rendered the infiltration gallery ineffective; the project (including
the wells) was abandoned. Figure 2.3.1-1 shows the approximate locations of the sediment shafts.

In 1976 the first two sediment traps were constructed in the stream channel. They were simple pits
(approximately 25 ft [7.6 m] long, 15 ft [4.6 m] wide, and 7 ft [2.1 m] deep), which were excavated below the
prevailing grade of the stream channel. The capacity of each of these two sediment traps was approximately
20,000 gal. (75.7 m®). In 1980 a third sediment trap (80 ft [24.4 m] in diameter and 6 ft [1.8 m] deep) was
constructed east of the first two traps. It had a capacity of approximately 225,000 gal. (852 m°). By
September 1983 the first two sediment traps had filled with sediment, and the third sediment trap was about
half full. By the spring of 1986 the third sediment trap was full.

In 1986 the current sediment trap configuration was constructed on and adjacent to the old sediment traps.
The current sediment traps consist of large excavated basins surrounded by U-shaped berms that were built
from the excavated alluvium (Purtymun 1994, 52951). Sediment Trap No. 1 is the upstream basin that was
originally 55 ft (16.8 m) long by 45 ft (13.7 m) wide and ranged in depth from approximately 4.5 to 10 ft (1.4
to 3.0 m); it had a capacity of approximately 118,000 gal. (447 m®). Sediment Trap No. 2, the next one
downstream, was originally 105 ft (32 m) long, 8 ft (2.4 m) wide, and 10 ft (3.0 m) deep with a capacity of
approximately 628,000 gal. (2377 m®). The trap farthest downstream, Sediment Trap No. 3, was 150 ft (46
m) long by 32 ft (9.8 m) wide and ranged in depth from 6 to 10 ft (1.8 to 3.0 m); it had a capacity of
approximately 87,000 gal. (329 m®). The total capacity of the three sediment traps was originally 833,000 gal.
(3153 m°).

Discharge from the TA-50 RLWTF normally infiltrates into the alluvium before reaching the sediment traps.
Occasionally during periods of heavy precipitation, storm water runoff (possibly mixed with the TA-50
RLWTF discharge) flows into the sediment traps and is temporarily retained, which allows the sediments to
settle out and the water to infiltrate into the alluvium. When one sediment trap is full, the water flows into the
next sediment trap, which allows additional settlement and infiltration. In 1987 a storm runoff event filled all
three sediment traps to capacity and overflowed the berm at Sediment Trap No. 3. This event created a
breach in the berm, which was subsequently repaired. At that time, the capacity of Sediment Trap No. 1 was
expanded by approximately 167,000 gal. (632 m®), bringing the total capacity of the three sediment traps to
approximately 1.2 million gal. (4542 m®). In 1992 all three sediment traps were cleaned out and re-excavated
to their current total retention capacity of 1.2 million gal. (4542 m®) (Environmental Protection Group 1994,
45363). Most of the removed sediments were from Sediment Trap No. 1. The sediments were placed in
clean-out piles upslope and away from the stream channel (see Figure 2.3.1-1) to minimize the chance for
remobilization.

2.3.2 Mortandad Canyon Garden Plot

The Mortandad Canyon garden plot (PRS No. 00-005) is a small fenced area located approximately 100 ft
(30.5 m) southeast of Sediment Trap No. 2 (Figure 2.3.1-1). From 1976 through the early 1980s the area
was used as a garden plot to study the transport of radioactive particulates from the ground surface to
tomato plants as a result of rain splash (LANL 1990, 7511). Soil collected from within the fenced area was
placed in 55-gal. drums and transported to TA-50. Four radionuclides, all with half-lives of 115 days or less
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("%Ta [115 days], '*'Ce [33 days], "**Sb [60 days], and “°Sc [84 days]), were mixed into the soil by rotating the
drums. Then the contaminated soil was returned to the enclosure for the tests (LANL 1992, 7667).

Sometime during the mid 1970s a 3-in.-diameter (7.6-cm-diameter) polyvinyl chloride well MCWW-1) (see
Figure 2.3.1-1) was installed into the alluvium approximately 20 ft (6.1 m) north of the garden plot. The well
was intended to supply water for the test vegetables, but it was never used. The well is still present;
however, the casing is cracked at the ground surface rendering the well unusable.

Because the experiments were discontinued in the early 1980s, the radionuclides involved have long since
decayed to negligible levels of radioactivity. Therefore, the fenced area does not contain any materials that
would pose a threat to human health or the environment. Additionally, the empty drums that had been used
to transport the contaminated soil and were still present at the site in the early 1980s posed no hazard. No
further action (NFA) at the site was recommended in the RFI Work Plan for Operable Unit 1071 (LANL 1992,
7667). PRS No. 00-005 has subsequently been accepted for NFA by NMED (NMED 1996, 55815).

2.4 Mesa-Top Sources of Potential Contamination

Potential contamination sources (as PRSs) within the Mortandad Canyon watershed and their current
regulatory status are listed in Appendix B of this work plan. The locations of potential contamination sources
on mesa tops within the watershed are shown on Figure A-1 in Appendix A of this work plan.

2.4.1 Technical Area 3 and Technical Area 60

TA-3, the location of the main administration building and research laboratories at the Laboratory, is a large
area located between Los Alamos Canyon to the north and Twomile Canyon to the south. A small portion of
the southern part of TA-3, mainly near the CMR Building (TA-3-29) and the Materials Science Laboratory (TA-
3-1698), is located in the upper reaches of the Mortandad Canyon watershed. That area is almost completely
developed with buildings, roads, large paved parking lots, and landscaped unpaved areas.

TA-60, which contains Laboratory support and maintenance operations and contractor service operations, is
located east of TA-3 on Sigma Mesa, a finger-like mesa, located between Sandia Canyon to the north and
Mortandad Canyon to the south. Most of TA-60 is undeveloped mesa top. The mesa was an agricultural area
during the homestead days before 1943 and is presently covered mainly with low, invasive shrubs. Large
pines are present at the edges of the mesa, and a few young pines are present on the mesa top. The Nevada
Test Site (NTS) test fabrication building (TA-60-17) and the NTS test tower (TA-60-19) are located at the
western end of the site adjacent to TA-3. Several small, abandoned experimental areas, including a test solar
evaporation pond and a geothermal test borehole (EGH-LA-1), are located on the eastern end of Sigma
Mesa. Storage areas on Sigma Mesa contain excess equipment, topsoil, concrete, excavated underground
storage tanks (USTs), and recyclable asphalt (LANL 1996, 52930).

PRSs located within the Mortandad Canyon watershed at TA-3 and TA-60 have been addressed in the RFI
Work Plan for Operable Unit 1114 (LANL 1993, 51977) and the addendum to the work plan (LANL 1995,
51981). Most were recommended for NFA in the work plan, and others were investigated and subsequently
recommended for NFA in the RFI report for TA-3 and TA-60 (LANL 1996, 52930).

In addition to the PRSs at TA-3 and TA-60, other historical releases from TA-3 and TA-60 into Mortandad
Canyon have been documented. Six releases of cooling water from building TA-3-66 (known locally as the
New Sigma Building) occurred before 1975 (Purtymun 1964, 11822; Purtymun 1975, 11787). It is likely that
this water was used for once-through cooling and contained no added contaminants; however, the absence
of contaminants cannot be confirmed. The releases each lasted from 2 to 6 weeks with total volumes of 4.8
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million gal. (18,168 m®) in 1962, 9.8 million gal. (37,093 m®) in 1963, 5 million gal. (18,925 m®) in 1964, 4.8
million gal. (18,168 m®) in 1965, and 12.7 million gal. (48,070 m®) in 1969. The average annual flow from
runoff and the cooling water combined entering Mortandad Canyon from 1962 through 1972 was estimated
to have ranged from 6.9 million gal. (26,117 m®) to 33 million gal. (124,905 m®); the average was
approximately 16.6 million gal. (62,831 m®). No information was reported regarding possible contamination
associated with the cooling water (Purtymun 1964, 11822).

During the summer of 1974, two accidental releases from a radioactive liquid-waste line (at TA-3 near the
CMR building and near TA-59) resulted in radioactive contamination of soil near the leaks (Smith et al. 1977,
5579). The waste contained predominantly *Pu, with lesser concentrations of '*’Cs, #°Pu, #Sr, and *Sr.
The leak near TA-59 was discovered in July 1974 at a cleanout riser in the line north of Pajarito Road.
Repairs were made, and 476 yd® (364 m®) of contaminated soil was removed from the area. Contaminated
soil was found at depths up to approximately 3 ft (0.9 m) near the leak and for approximately 350 ft (107 m)
down the slope on the south wall of Mortandad Canyon. Based on the amount of soil removed and the
concentrations of radioactivity in the soil, estimates of the amount of contamination released ranged from
150 to 300 mCi (Smith et al. 1977, 5579).

During pressure-testing of the repaired waste line, radioactive liquid waste was accidentally discharged from
a manhole near the CMR building. The waste flowed along the curb on the west side of Diamond Drive to a
storm drain that discharged through a culvert to the head of Mortandad Canyon. The waste flowed
approximately 160 ft (49 m) downstream on the canyon floor to an earthen containment dam that was
constructed to stop the flow. Bentonite was used to adsorb the liquid that ponded in the canyon, and the
soil and bentonite that were contaminated above background radioactivity levels were subsequently
removed using a backhoe and a front-end loader. A total of approximately 250 yd® (191 m®) of contaminated
soil was removed. The soil and asphalt around the manhole, the asphalt road, the curb, and the gutter
contacted by the liquid waste were also replaced (Smith et al. 1977, 5579).

Beginning in July 1984, follow-up investigations were performed in three phases at the location. The first
phase involved drilling 10 boreholes along a 180-ft-long (55-m-long) transect perpendicular to the waste line
on 20-ft (6.1-m) centers to an average depth of 12.5 ft (3.8 m). A total of 52 soil samples were collected. All
samples were reported to contain background levels of radioactivity except those collected from the 7.0- to
7.5-ft (2.1- to 2.3-m) depth at the location of the former cleanout riser, which contained 165 pCi/g #*®Pu. This
location was then remediated to background levels.

The second phase involved drilling six boreholes along a 120-ft-long (37-m-long) line parallel to the waste
line to a depth of 12.5 ft (3.8 m). A total of 30 soil samples were collected. All soil samples were reported to
contain background levels of radioactivity.

The third and final phase, conducted in October 1984, involved a 200-ft-long (61-m-long) trench dug to a
depth of 6 ft (1.8 m) across the location of the former cleanout riser. A total of 21 samples were collected
from the bottom of the trench. All samples were reported to contain background levels of radioactivity.

These spill sites were not identified as PRSs or areas of concern by the ER Project; therefore, they were not
investigated as part of the RFI for OU 1114 (Field Unit 1), which included TA-3 and TA-59 (LANL 1993,
51977, LANL 1995, 51981). A reach proposed for sediment investigations in Chapter 7 of this work plan
encompasses the canyon area affected by these accidental releases.
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2.4.2 Former Technical Area 4

Former TA-4, also known as Alpha Site, was established in May 1944 as a test firing site for small
conventional explosive charges. The site was abandoned in 1946, and most of the structures associated
with the site underwent decontamination and decommissioning (D&D) in the 1950s. Building TA-4-1 was
demolished in 1985, and the site was leveled and contoured to the existing terrain. The area of former TA-4
is currently within the boundaries of TA-52 and TA-63. The PRSs are identified as being part of former TA-4
although all are located within the boundary of TA-52. The PRSs were addressed by Field Unit 4 in the RFI
Work Plan for Operable Unit 1129 (LANL 1992, 7666).

There were no NPDES-permitted discharges at former TA-4 because the site was abandoned before
NPDES became effective. Photographic-processing laboratory effluent was discharged onto the mesa top
on the south side of the laboratory building (former TA-4-7). Although effluent was not discharged directly
into Ten Site Canyon, it is possible that contaminants (photographic-processing chemicals and uranium)
may have been washed into Canada del Buey by storm water. The site is designated as PRS No. 4-003(a). In
1955 beta activity was detected in the photographic-processing darkroom at levels of up to 2 mR/h. At that
time portions of the darkroom floor were removed.

A drain connected to the former laboratory control building (TA-4-3) discharged into a 6-in.-diameter (15.2-
cm-diameter) vitrified clay pipe that directed the effluent northward 20 ft (6.1 m) into Ten Site Canyon (LANL
1992, 7666). The site is designated as PRS No. 4-003(b). No radioactivity was detected at the site during
surveys that were conducted in 1953 and 1985.

In 1995 an RFI was conducted at the TA-4 PRSs according to the RFI Work Plan for Operable Unit 1129
(LANL 1992, 7666). The RFI report is expected to be completed in 1998.

2.4.3 Technical Area 5

TA-5, also known as Beta Site, was established in 1944 as a test firing site and was used until 1947. After
firing activities were completed, the site was used for a variety of experiments, primarily during the 1950s.
Beta Site was officially abandoned in 1959, although the site was used periodically for experiments until
1979. The site underwent D&D in 1985.

One outfall at TA-5 is known to have discharged into Mortandad Canyon. PRS No. 5-005(a) is the site where
a former French drain that carried effluent from the control building (TA-5-4) to an outfall on the southern
edge of Mortandad Canyon. The control building was removed in 1960, and the French drain and affected
soil were removed in 1985. The type of waste introduced from the control building into the French drain is
unknown (LANL 1992, 7666).

Additionally, two former outfalls discharged to an unnamed canyon tributary to Mortandad Canyon on the
south side of TA-5. At PRS No. 5-005(b), potential contamination is associated with an outfall from former
building TA-5-5, which was used as a darkroom, shop, and calibration laboratory (PRS No. 5-006/c]).
Presumably the outfall operated from 1944 to 1959 when the building was reported to be contaminated with
high explosives and was burned (DOE 1987, 8663; LANL 1992, 7666). PRS No. 5-004 is a former septic
system (TA-5-13) that was connected to former building TA-5-1. The septic system discharged southward to
the unnamed canyon. The septic system operated for about 10 years, was abandoned in 1959, and was
removed in 1985 (LANL 1992, 7666).

In 1995 an RFI was conducted at the TA-5 PRSs according to the RFI Work Plan for Operable Unit 1129
(LANL 1992, 7666). The RFI report is expected to be completed in 1998.
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2.4.4 Technical Area 35

TA-35, formerly called Ten Site, is located on a finger-like mesa (Ten Site Mesa) between Mortandad
Canyon and Ten Site Canyon. Historically TA-35 has been one of the primary contributors of storm water
runoff, wastewater discharge, and possible contaminants into Mortandad Canyon. It is one of the most
developed technical areas at the Laboratory with approximately 300 designated structures, many of which
are storage tanks, manholes, transportable buildings, and mobile office trailers. Various Laboratory groups
currently use the several experimental laboratories located at TA-35, and the site has been used since the
original Ten Site Laboratory and office building (TA-35-2) was constructed in 1951. This building has
housed two experimental reactors (Los Alamos power reactor experiment [LAPRE] -l and -2 and Los Alamos
molten plutonium reactor experiment [LAMPRE]), a hot cell used for preparing kilocurie sources of
radioactive lanthanum ("*°La), plutonium research laboratories, and a laboratory at which lithium tritide
components were developed and handled (LANL 1992, 7666).

Table 2.4.4-1 lists the chemicals of potential concern (COPCs) associated with each PRS. These PRSs are
being addressed by an RFI in progress (LANL 1992, 7666).

The Air Filter Building (TA-35-7) housed the air-filtration components and ion-exchange columns associated
with the TA-35 wastewater treatment plant that operated from 1951 until 1963 when the TA-50 RLWTF
became operational. The wastewater treatment plant discharged batches of treated wastewater routinely but
irregularly as needed. Unplanned releases of highly contaminated liquids and sludge also occurred during
the period of operation, as discussed below.

2.4.4.1 Former Wastewater Treatment Plant Outfall

From 1951 to 1963 treated wastewater containing radionuclides was discharged from the Ten Site
Laboratory (TA-35-2) into Pratt Canyon. This wastewater originated in the operation of hot cells used to
prepare kilocurie sources of radioactive lanthanum (*°La) and barium ('*°Ba), waste from experimental
reactors (LAPRE-1 and -2 and LAMPRE), plutonium research laboratories, and a tritium laboratory. It is
believed that no releases occurred before September 1951 (Aeby 1954, 742). From 1951 to 1955 the
treated wastewater was stored in concrete tanks for approximately six months to allow the *°La to decay. The
water was either allowed to evaporate or was used to wash air-cleaning filters (Emelity 1958, 793). If the
incoming waste volumes were greater than losses through evaporation, the stored water was released to
Pratt Canyon.

In 1953 assays of the storage tanks indicated the presence of waste components with half-lives greater than
those expected for the “°Ba and "°La (Buckland 1953, 770). These components were primarily #Sr and
98r, which were present in the *°Ba and "*°La shipments (Meyer 1954, 874). Additional treatment of the
wastes was required to ensure that the activity of the treated wastewater discharged to Pratt Canyon did not
exceed allowable limits (Meyer 1954, 874). In 1955 an experimental treatment system, consisting of a
cation-exchange column, was installed to remove the radioactive strontium and the treated wastewater
recirculated. This pilot plant was in operation from January 24, 1956, through March 13, 1957. During this
period, more wastewater was recirculated than was discharged to the canyon. Results of this operation were
promising, and the system was expanded to include two ion-exchange columns as well as chemical
treatment of the wastewater. After additional modifications, the “New Ten Site” wastewater treatment plant
went into operation on June 13, 1960, and continued operating in that mode until operation ceased in
1963. The treatment process is discussed further below.
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TABLE 2.4.4-1
TA-35 PRSs AND CHEMICALS OF POTENTIAL CONCERN
PRS No. Description Chemicals of Potential Concern
35-001 Material disposal area Liquid sodium (approximately 30 gal.), **Pu, possible fission
(MDA W) products
35-002 Material disposal area #%0O,/phosphoric acid , fission products, "°Eu, '*’Cs
(MDA X)
35-003(a—q) Wastewater treatment 0 a, "Ba, ¥Sr and *Sr, *°Y, "*’Cs, '"“Ru, ***Pu, ?***°Pu, caustic,
plant acid, sodium carbonate, strontium nitrate, iron sulfate, dielectric
oil, unknown chemicals
35-003(r) Wastewater treatment Same as above
plant waste-receiving
canyon
35-004(a—o0) Container storage Radionuclides, volatile organic compounds (VOCs), semivolatile
organic compounds (SVOCs), metals
35-005(a and b) | Former oil impoundments Hydrocarbons, SVOCs
35-006 Surface impoundment Hydrocarbons, SVOCs
35-007 Waste oil treatment Hydrocarbons, dielectric oil
35-008 Surface disposal Industrial solid wastes
35-009(a—d) Septic systems Sanitary wastes, possible industrial wastes, radionuclides,
unknown chemicals
35-010(a—e) Surface impoundments, Sanitary wastes; photographic processing wastes; industrial
sanitary lagoons, sand wastes; laboratory chemicals: acids, bases, solvents;
filters, and former NPDES | radionuclides
outfall
35-011(a—d) Underground storage tanks | SVOCs, hydrocarbons
35-012(a-b) Inactive storage tanks Waste oils, solvents, chemicals
35-013(a—d) Sumps and drains Various possible contaminants
35-014(a-g,) Soil stained by oil spills Oil (hydrocarbons), metals, SVOCs, VOCs, alpha emitters, gamma
emitters, possible polychlorinated biphenyls (PCBs)
35-015(a-b) Decommissioned waste oil | Unidentified contaminants
treatment
35-016(a—q) Drains and outfalls Noncontact cooling water, photographic processing waste, storm
runoff, wastewater, gamma emitters, alpha emitters, metals,
SVOCs, PCBs
35-017 Soil contaminated from Enriched ?*U, uranium trioxide, phosphoric acid, uranium enriched
reactor operations “soup,” uranium dioxide, alpha emitters, beta emitters, gamma
emitters, fission products, sodium coolant, nickel, plutonium
35-018(a and b) | Leaking transformers PCBs

Source: LANL 1992, 7666

On July 26, 1963, treatment operations were transferred to the TA-50 RLWTF. The TA-35 wastewater
treatment plant underwent D&D in 1984 and 1985 when most of the underground pipelines, tanks, and
outbuildings were removed (Elder et al. 1986, 3089). In 1995 and 1996 the remaining structures, including
the phase separator pit (TA-35-3) (PRS No. 35-003[n]); the underground storage tanks (TA-35-3, TA-35-4,
and TA-35-5) (PRS Nos. 35-003(a, b, and c]); TA-35-7 (PRS No. 35-003[p]) underwent D&D (LANL 1995,

53455).

During the operation of the TA-35 wastewater treatment plant, 130 separate batches of wastewater were
processed. Table 2.4.4-2 contains a summary of the annual volume, gross-beta activity, and radioactive
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strontium discharges from the TA-35 wastewater treatment plant. Approximately 2.7 x 10° gal. (10,220 m®) of
water were discharged to Pratt Canyon. The total activity discharged was about 20 Ci gross-beta activity and

1.4 Ci of %Sr and *°Sr. The gross-beta activity consisted of a combination of "*°Ba, "“La, ®Sr, **Sr, and trace
amounts of "¥’Cs, " Ru, plutonium, *Tc, and uranium (Emelity 1958, 793). No data for possible discharges of
other contaminants are available. The RFI for TA-35 (LANL 1992, 7666) is in progress; that report will be
released in 1998.

TABLE 2.4.4-2

TOTAL ANNUAL DISCHARGES FROM THE TA-35 WASTEWATER TREATMENT PLANT
TO PRATT CANYON?

Volume of Wastewater Treated (gal.) Grqs§ Bbeta T‘_’ta,l ?r _gu_srb _sg_srb
Number of Activity® to | Activity’ to | Activity’ to | Activity’ to
Year Runs Treated Discharged | Recirculate | Canyon (Ci) | Canyon (Ci) [ Canyon (Ci) | Canyon (Ci)
d
1951 1 Unknown Unknown Unknown 0.00500 0.00020 0.00003 0.00017
1952 3 Unknown 52,500 Unknown 1.92200 0.07680 0.01160 0.06540
1953 3 Unknown Unknown Unknown 0.16700 0.00670 0.00100 0.00570
1954 1 Unknown Unknown Unknown 0.16000 0.00640 0.00097 0.00542
1955 10 52,890 46,850 9,040 0.15142 0.04902 0.00738 0.04164
1956 59 410,900 193,970 238,130 7.36369 0.83700 0.15400 0.68300
1957 16 480,550 446,380 34,440 1.76401 0.22487 0.03373 0.19114
1958 9 370,755 367,485 3,270 1.39311 0.11383 0.01707 0.09675
1959 10 560,234 560,234 0 3.64135 0.02803 0.00420 0.02383
1960 11 572,220 308,635 263,585 1.72937 0.03729 0.00559 0.03170
1961 3 342,497 342,497 0 1.39997 0.01097 0.00165 0.00932
1962 3 318,582 318,582 0 0.90934 0.01643 0.00246 0.01397
1963 1 105,532 105,532 0 0.10802 0.00227 0.00034 0.00193
Total 130 3,214,160 | 2,690,165 548,465 | 20.71428 1.40981 0.24002 1.16997
a Release data were obtained from the Ten Site Treatment Plant Daily Operation Logs (Emelity 1958, 793; Aeby 1954, 742;
Christenson 1956, 775).

b. Activities are not corrected for radioactive decay.

During the first four years of operation, the volumes treated and discharged and the radionuclide contents
were not routinely recorded in daily operation logs for the treatment plant; these parameters are listed as

unknown in Table 2.4.4-2. Because recirculation began in 1955, the volume recirculated during the first four
years was probably nil. Information on the discharges for 1951 and 1952 was obtained from Aeby (1954,
742). Discharge data for 1955 through 1963 were obtained from the daily operation logs.

Reports indicate that there were two unplanned releases in which the gross-beta activity exceeded 1 Ci.
The first release occurred on September 6, 1952, when wastewater containing 1.8 Ci gross-beta activity and
approximately 70 mCi of #Sr and *°Sr was released because of a malfunctioning solenoid valve (Aeby 1952,
741; Aeby 1954, 742). Another unplanned release occurred during the weekend of February 11 and 12,
1956. In this case a leaking pipe caused 21,200 gal. (80.2 m?) of water and a quantity of sludge to be
pumped into the canyon. Based on activities measured earlier that week, it was estimated that approximately
7 Ci gross-beta activity and 0.7 Ci of ¥Sr and *°Sr were released. These estimated volumes and activities in
the unplanned releases are included in the data in Table 2.4.4-2.
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The total gross-beta activity discharged in 1953 (0.167 Ci) and the strontium concentration were estimated
in documentation by Matthews (1954, 55686) based on the total volume of waste treated in 1953 and two
samples collected from the concrete holding tanks in February and April 1954. Keenan (1975, 845)
projected that the estimate of discharges for 1953 may also be used to estimate the discharges in 1954.

To estimate the radioactivity remaining in the Mortandad Canyon system from these discharges, the
appropriate decay correction was applied to each annual estimate listed in Table 2.4.4-2. The calculations
assumed that the only radionuclides released were '*°Ba, "*°La, #Sr, and *°Sr. The calculations indicate that
approximately 0.2 Ci of only *Sr remains in the Ten Site Canyon/Mortandad Canyon drainage system from
the historic releases at TA-35 (as of 1996). All other radionuclides included in the calculations have decayed
to daughter products of insignificant activities.

Plutonium and other radionuclides probably became components in the TA-35 waste stream sometime in
the mid 1950s (Christenson 1956, 776), although apparently no records of discharged amounts were
maintained. Also, little historic information has been found regarding possible hazardous constituents in the
TA-35 wastewater treatment plant effluent.

The following list includes chemicals known to have been associated with the wastewater or used to freat
the wastewater before discharge (LANL 1992, 7666).

. HNO,; (nitric acid)

. NaOH (sodium hydroxide)

. Nalcite HCR resin

. Octyl alcohol

. Iron sulfate [Fe,(SO,),]

. Sodium carbonate (Na,CO,)
. Calcium chloride (CaCl,)

. Strontium nitrate [Sr(NO;),]
. Isopropyl alcohol

. Ferric chloride (FeCl,)

These chemicals were used in treatment described below. As noted earlier, from 1951 to 1955 workers
became concerned about the activities of ¥Sr and *°Sr being discharged; in March 1955 they implemented
an ion exchange treatment (Nalcite HCR resin) to reduce the concentrations. During the last quarter of 1957
the treatment was supplemented with a chemical coagulation pretreatment step involving additions of FeCls,
Fe, (50,),, Na,CO;, CaCl,, and NaOH to the wastestream to precipitate ferric hydroxides and alkali metal
carbonates and coprecipitate radionuclides. This pretreatment was continued as needed until operations
were transferred to the TA-50 RLWTF. Nitric acid (HNO;) was used to regenerate the ion exchange resin,
and isopropyl and octyl alcohol were used as defoaming agents in the ion exchange column. Spent
regenerant from the column was treated similarly and strontium nitrate [Sr(NQO,),] was added to aid
precipitation of strontium as the solid carbonate (Emelity circa 1994, 56039).

2.4.4.2 Surface Impoundments

PRS Nos. 35-005(a and b) and 35-006 are associated with two decommissioned surface-oil impoundments.
PRS Nos. 35-005(a) and 35-006 are located near building TA-35-85. PRS No. 35-005(a) is a gunite-lined
surface impoundment that replaced a previously decommissioned surface impoundment (PRS No. 35-006)
in 1985. PRS No. 35-005(b) is a gunite-lined surface impoundment located near building TA-35-125.

Mortandad Canyon Work Plan 2-15 September 1997



Background Chapter 2

Closure plans for these surface impoundments were submitted to NMED in October 1988; the state
subsequently gave verbal approval to proceed with closure activities (LANL 1992, 7666).

In 1989 the contents of the impoundments and all obviously contaminated soil were removed and disposed
of as hazardous waste. In October 1989 sampling and analysis were performed to verify the removal of
contaminants from the area. Preliminary results indicated that the criteria for clean closure had been met.
The impoundments were then backfilled and revegetated. After the final analytical results were receiveq, it
was discovered that the allowed sample holding times had been exceeded; therefore, the data could not be
verified. The closure plan was modified to reflect the field work and to include borehole sampling and
analysis for the final verification of clean closure. Borehole sampling and analysis performed in December
1990 showed that the levels of contamination remaining after the cleanup did not exceed Environmental
Protection Agency (EPA) risk-based cleanup levels (Environmental Surveillance Program 1996, 565333).

The initial closure report and closure certification letters for PRS No. 35-005(b) were submitted to NMED in
August 1991. In July 1992 NMED sent a notice of deficiency (NOD) to DOE and denied approval of clean
closure for the PRS. An amended closure plan was submitted to NMED on September 4, 1992. In
September 1993 the Laboratory received final regulatory approval from NMED on the amended closure
report. No further action is required for this surface impoundment; therefore, PRS No. 35-005(b) has been
recommended for NFA (LANL 1992, 7666).

The initial closure report and closure cetrtification letters for the impoundment at TA-35-85 (PRS Nos.
35-005[a] and 35-006) were submitted to NMED on December 20, 1991; an amended closure plan was
submitted to NMED for approval on November 1, 1993. Potential oil spills and soil contamination associated
with PRS No. 35-005(a) are identified as PRS No. 35-014(e,). Previous investigations performed at PRS No.
35-005(a) and the results of the 1994 RFI at PRS No. 35-014(e,) are summarized in the RFI report for PRS
No. 35-014(e,) (LANL 1996, 54402). This RFI report states

. .. the concentrations of contaminants observed at these biased sample locations do not indicate a
potential human health threat, although TPH [total petroleum hydrocarbons] and elevated metal
concentrations were observed. However, TPH and metals may be found at higher concentrations
on the mesa edge or the slope below. The extent of TPH and metal contamination at this site will be
determined under a separate investigation, as stated below.

On June 21, 1993, the New Mexico Environment Department (NMED) denied closure of TSL-85
(also known as PRS Nos. 35-005[a] and 35-014[e,]) and required that the area of the impoundment
be resampled as part of the TA-35 RFI (NMED 1996, 53924). Previous samples collected at the site
were rejected by NMED because surrogate recovery results for VOC and SVOC analysis were
outside EPA limits and missed EPA-allowable holding times . . .

The amended closure plan also stated that additional samples must be collected near the impoundment and
on the mesa edge along the Mortandad Canyon spill path. The closure plan approval requires that the
extent of contamination be determined and that contamination be removed as part of the closure effort.
Because the site is mandated for closure by NMED under a different authority (Closure Plan Approval, EPA
Identification Number: NM0890010515), PRS No. 35-014(e,) was recommended for NFA in the RFI report
(LANL 1996, 54402).

2.4.4.3 Outfalls

Existing and former outfalls located at TA-35 are listed in Table 2.4.4-3. From 1951 until 1975, four sanitary
septic systems at TA-35 discharged to Mortandad Canyon and Ten Site Canyon (LANL 1992, 7666). These
septic systems were investigated as PRS Nos. 35-009(a, b, ¢, and d) and were recommended for NFA in the
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RFI report (LANL 1996, 54402) because no release of contaminants to the environment was documented.
In 1996 voluntary corrective actions (VCAs) were completed at each of the septic systems to prevent any
future environmental problems associated with the septic systems (LANL 1996, 55630; LANL 1996,

54967).

TABLE 2.4.4-3

FORMER OUTFALLS AND EXISTING NPDES-PERMITTED OUTFALLS AT TA-35

PRS No. NPDES Permit No. Discharge Comments
35-009(a) N/A (septic tank and | Inactive Sanitary waste from TA-35-2 to Ten Site Canyon
system) VCA in 1996
35-009(b) N/A (septic tank and | Inactive Sanitary waste from TA-35-67 to Ten Site Canyon
system) VCA in 1996
35-009(c) N/A (septic tank and | Inactive Sanitary waste from TA-35-2 to Mortandad Canyon
system) VCA in 1996
35-009(d) N/A (septic tank and | Inactive Sanitary waste from TA-35-27 to Mortandad Canyon
system) VCA in 1996
35-010(e) Former sanitary Inactive Sanitary waste from TAs -35, -50, -55, -48, and -64 to Ten
outfall (10S) Site Canyon
35-016(a) Former 04A-089 Inactive Noncontact cooling water from TA-35-34 to Ten Site Canyon
35-016(b) 06A-132 Up to 3,000 Photographic waste discharge from TA-35-87 to Ten Site
gal. per day Canyon
35-016(c) Former 04A-088 and | Inactive Noncontact cooling water from TA-35-67 to Ten Site Canyon
former 04A-012
35-016(d) Former 04A-087 Inactive Noncontact cooling water from TA-35-46 to Ten Site Canyon
35-016(¢e) Former 04A-090 Inactive Noncontact cooling water from TA-35-85 to Mortandad
Canyon
35-016(g) 04A-127 12 gal. Noncontact cooling water from TA-35-213, Room 29, to
per minute Mortandad Canyon
35-016(k) Former 04A-116 Inactive Noncontact cooling water from TA-35-29 to Ten Site Canyon
35-016(m) | Former 03A-039 Inactive Treated cooling water from TA-35-33 to Mortandad Canyon
35-016(p) Nonpermitted Inactive Cooling water from TA-35-27 to Mortandad Canyon
Nota PRS | 03A-160 14,000 gal. Treated cooling water from TA-35-124 to Ten Site Canyon
per day

The TA-35 sanitary septic sewage lagoons operated in Ten Site Canyon from 1975 until 1992 when the

new sanitary waste treatment plant at TA-46 became operational. Daily discharge records from 1987 through
1992 show that an average of approximately 45,000 gal. (170 m?) were discharged daily from the sand filter
beds to the NPDES-permitted outfall (10S) into Ten Site Canyon. Presumably, this volume of effluent
(minus infiltration) flowed downstream in Ten Site Canyon into Mortandad Canyon from 1975 through 1992;
however, no surface water flow in lower Ten Site Canyon has been documented.

The sewage lagoons and the associated sand filter beds were investigated as PRS Nos. 35-010(a, b, ¢, and
d) according to the RFI Work Plan for Operable Unit 1129 (LANL 1992, 7666). The Phase | RFI sampling and
analysis were conducted in 1994, but problems with the analyses occurred. A supplemental sampling and
analysis plan was prepared (LANL 1997, 55326); resampling is scheduled to be completed in 1997.

The Phase | RFI for the other TA-35 outfalls (PRS Nos. 35-016[a through p]) was performed in 1994 and
1995 according to the RFI Work Plan for Operable Unit 1129 (LANL 1992, 7666) and the addendum to the
work plan (Pratt, 1994, 43475). PRS Nos. 35-016(e, f, and i) were recommended for NFA in the RFI report
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for these PRSs (LANL 1996, 54402); PRS Nos. 35-016(b, j, n, and q) were recommended for NFA in the
RFI report for these PRSs (LANL 1996, 54763). PRS Nos. 35-016(a, c, d, m, and p) were also
recommended for NFA in the RFI report for these PRSs (LANL 1996, 55075).

At PRS No. 35-016(g) chromium was identified as a COPC in the screening assessment after Phase |
sampling and analysis were performed; therefore, this PRS has been recommended for additional sampling
and analysis, which are planned during 1997 (LANL 1996, 54422). At PRS No. 35-016(h) it was determined
that the Phase | sampling and analysis did not adequately characterize the outfall; therefore, additional
archival research, sampling, and analysis have been recommended (LANL 1996, 54422). Additionally,
supplemental RFI sampling and analysis are planned during 1997 for PRS Nos. 35-016(k, I, and o) (LANL
1997, 55687).

2.4.5 Technical Area 48

TA-48, the Radiochemistry Site, is located northwest of TA-55 and north of Pajarito Road; it is situated on a
mesa between Mortandad Canyon to the north and Twomile Canyon to the south. TA-48 is the site of former
and current operational structures that were built to house radiochemistry and nuclear medicine research.
Initial activities at TA-48 largely involved the study of samples from nuclear bomb tests conducted at NTS but
activities subsequently evolved to include other types of studies related to weapons testing, research on
long-term placement of radioactive materials in waste disposal sites, basic research in geochemistry and
radiochemistry, and the production of radioisotopes for nuclear medicine (LANL 1992, 7666). The
radiochemistry building was constructed in 1957; discharges to Mortandad Canyon from TA-48 are believed
to have begun at about that time.

Several discharges to Mortandad Canyon were identified during the Comprehensive Environmental
Assessment and Response Program (CEARP 1986, 8657) and are monitored by Laboratory group
ESH-18. Approximately 35 x 10° gal. (132,500 m®) of water per year were discharged to the canyon from
these outfalls at the time (CEARP Phase | October 1987); since then, two outfalls have been discontinued,
and the others are scheduled to be discontinued. The outfalls handle once-through cooling water and
cooling tower blowdown. Some of the discharge lines included other small wastewater sources that may
have contributed other contaminants. The PRSs that were identified at TA-48 during the RFI are listed in
Appendix B, and a summary of the TA-48 outfalls and their respective NPDES permit numbers and PRS
numbers are listed in Table 2.4.5-1. NPDES outfalls 03A-045 and 04A-153 together support a wetland of
approximately 0.29 acres. Outfall 04A-016 supports a 1.9-acre wetland, and outfall 04A-131 supports a
wetland of approximately 0.1 acres.

The air exhaust system at TA-48 (PRS No. 48-001) is another source of possible contamination into
Mortandad Canyon. Most hoods in the radiochemistry laboratory housed in building TA-48-1 are equipped
with a water spray that removes some of the vapors from acids used to process high-level alpha and
beta/gamma emitters. Approximately one-third to one-half of the vapors from the acids used (such as
perchloric, hydrochloric, hydrofluoric, and nitric) is vented to the atmosphere. The soil surrounding TA-48-1
was suspected of being contaminated by deposition from the exhaust (CEARP 1986, 8657; LANL 1992,
7666).
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TABLE 2.4.5-1
NPDES-PERMITTED OUTFALLS AT TA-48

PRS No. NPDES Permit No. Discharge Comments

48-007(a) 03A-045 2 gal. per minute Treated cooling water blowdown from TA-48-1 to
surface impoundment east of TA-48

48-007(b) 04A-016 12 gal. per minute Noncontact cooling water from TA-48-1 to
Mortandad Canyon

48-007(c) 04A-131 2,600 gal. per day Noncontact cooling water from TA-48-1 to
Mortandad Canyon

48-007(d) 04A-153 6 gal. per minute Noncontact cooling water from TA-48-1 to surface
impoundment east of TA-48

48-007(e) Former 04A-126 Inactive 1995 Noncontact cooling water from TA-48-8 to
Mortandad Canyon

48-007(f) Former 04A-137 Inactive 1995 Noncontact cooling water from TA-48-46 to
Mortandad Canyon

Not a PRS 04A-152 11,000 gal. per day | Noncontact cooling water from TA-48-28 to
Mortandad Canyon

The Phase | RFI for PRSs at TA-48 was completed in 1994 according to the RFI Work Plan for Operable Unit
1129 (LANL 1992, 7666) and was reported in the RFI report for TA-48 (LANL 1995, 50295). Based on the
characterization data, no hazardous constituents or inorganic or organic COPCs were identified in
concentrations above risk-based levels at the following PRSs: 48-001, 48-002(e), 48-003, 48-007(a, b, ¢, d,
and f), and 48-010. Therefore, these PRSs were recommended for NFA (LANL 1995, 50295). An NOD for
the TA-48 RFI report was received from NMED in March 1996 (LANL 1996, 53810). Most concerns were
related to analytical procedures and data quality. A response to the NOD (LANL 1996, 54448) and a
supplemental sampling and analysis plan (LANL 1997, 55326) were prepared for resampling PRSs at
TA-48. Supplemental samples were collected and analyzed in early 1997; the results are pending.

2.4.6 Technical Area 50

The Laboratory’s RLWTF located at TA-50 began operations on July 26, 1963 and discharged treated
wastewater to Mortandad Canyon via Effluent Canyon through an outfall that is currently permitted as
NPDES outfall 051 (see Figure A-1 in Appendix A of this work plan).

Table 2.4.6-1 and Figure 2.4.6-1 contain summaries of the annual volumes of radioactive and inorganic
constituents discharged from the TA-50 RLWTF. Sludge from the RLWTF is transported to TA-54, Area G
for disposal (LANL 1996, 55688).

Radioactive liquid waste is treated in TA-50-1 at the RLWTF and transferred to one of two 20,885-gal.
(79-m°) holding tanks located in TA-50-2. When one of these tanks is full, the contents are discharged.
Before discharge, the treated wastewater is sampled and tested for radiological and nonradiological
constituents. The wastewater is recycled through the treatment plant until the parameters in the NPDES
permit are met (including standard physical and chemical parameters, radium, and trace metals) and the
gross-alpha activity is less than 1000 com/L. The holding tank discharges at an average flow of 720 gal.
(2.73 m®) per minute for about 30 minutes to discharge a batch. Since 1990 an average of about one batch
per working day has been discharged from the TA-50 RLWTF (LANL 1996, 55688). Samples of the treated
wastewater are analyzed daily, weekly, and annually according to the NPDES permit requirements.
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TABLE 2.4.6-1
SUMMARY OF VOLUMES AND RADIONUCLIDES
DISCHARGED IN TREATED WASTEWATER FROM THE RLWTF?
Gross
Gross Beta/
Volume #'Am ¥ Cs Alpha Gamma py #29py ®Sr “Sr Tritium
Year (L) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci)
1963 | 27,380,000 b b 0.00371] 0.15940 b 0.00160| 0.14860| 0.03970 b
1964 | 51,390,000 b b 0.00120| 2.52500 b 0.00194| 0.06074| 0.08865 b
1965 | 48,990,000 b b 0.00189| 0.70840 b 0.00349| 0.04229| 0.06177 b
1966 | 52,800,000 b b 0.00209| 0.33820 b 0.00162| 0.02436| 0.03558 b
1967 | 59,670,000 b b 0.00342] 0.30910 b 0.00422] 0.05350( 0.01340 20
1968 | 60,280,000 b b 0.00257| 0.28580 b 0.00259| 0.03260| 0.00082 b
1969 | 54,470,000 b b 0.00660| 0.28930 b 0.00678| 0.05460| 0.01310 20
1970 | 53,170,000 b b 0.00330| 0.16140 b 0.00498] 0.01360( 0.01980 b
1971 | 45,670,000 b b 0.00394| 1.84900 b 0.00691| 0.01253| 0.03159 b
1972 | 567,070,000 b b 0.00513| 0.37470] 0.00769| 0.00102| 0.00352| 0.00550 5.97
1973 | 63,720,000| 0.00136| 0.29270| 0.00424| 0.95860| 0.00839| 0.00058| 0.00455| 0.00710 17.47
1974 | 40,600,000| 0.00166| 0.15600 b 0.18100( 0.01140| 0.00039| 0.00287| 0.01590 4.05
1975 | 39,720,000| 0.00113| 0.17400 b 0.12000( 0.01480| 0.00067| 0.00170| 0.00544 66.00
1976 | 39,890,000( 0.00114| 0.19300 b 0.01550| 0.00748| 0.00105| 0.00092| 0.00417 | 187.00
1977 | 42,090,000( 0.00193| 0.14200 b 0.07630( 0.00257| 0.00147] 0.00226| 0.03040 36.50
1978 | 40,540,000| 0.00173| 0.31700 b 0.09630| 0.00405| 0.00183| 0.00264| 0.01040 12.30
1979 | 48,580,000( 0.00468| 0.17000 b 0.07070| 0.00055| 0.00171| 0.00607| 0.01420 32.70
1980 | 52,830,000| 0.00570| 0.13200 b b 0.00130( 0.00820| 0.04090| 0.01800 44.90
1981 | 565,330,000| 0.02300| 0.12000 b b 0.00290( 0.05500| 0.04200| 0.02300 17.00
1982 | 39,760,000( 0.01780| 0.20900 b b 0.00300| 0.01660| 0.01180| 0.01280 14.20
1983 | 34,500,000( 0.03800 b b b 0.01100( 0.04200| 0.05700]| 0.00230 8.70
1984 | 35,030,000( 0.00820 b b b 0.00610( 0.00810| 0.26000| 0.00680 13.00
1985 | 28,600,000| 0.00542 b b b 0.00393| 0.00575| 0.00904| 0.00125 69.40
1986 | 30,500,000| 0.00324| 0.01800 b b 0.00150( 0.00355| 0.00920| 0.00069 72.50
1987 | 26,600,000| 0.00360| 0.00810 b b 0.00140( 0.00320| 0.06400| 0.00100 | 100.00
1988 | 29,300,000( 0.00370| 0.03100 b b 0.00110| 0.00320| 0.08100| 0.00020 21.00
1989 | 22,800,000| 0.00410| 0.03900 b b 0.00051| 0.00200| 0.01800| 0.00110 16.00
1990 | 21,100,000| 0.00270| 0.01250 b b 0.00020| 0.00060 b b 12.00
1991 | 21,900,000( 0.00110| 0.06700 b b 0.00030( 0.00100 b b 10.60
1992 | 19,900,000| 0.00027| 0.00050 b b 0.00032| 0.00039 b b 10.63
1993 | 21,700,000( 0.0112 | 0.00817| 0.01240| 0.02310| 0.00058] 0.00049| 0.00263| 0.00263 2.66
1994 | 20,841,691| 0.00306| 0.00851| 0.00523| 0.08510| 0.00281| 0.00046| 0.00196| 0.000285 2.23
1995 | 17,600,000 0.0034 | 0.00662| 0.00531| 0.02348] 0.0034 | 0.0006 | 0.00012| 0.000651 0.731
Total 1.294E+09| 0.14612| 2.1051 | 0.06102| 8.51870| 0.09732| 0.19401| 1.065 0.469 817.5642
a. Amended with data from annual environmental surveillance reports; Purtymun 1975, 11787; and TA-50 annual reports
b. Blank cells are unknown values

Source: LANL 1992, 11705
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Background Chapter 2

DOE Order 5400.5 (DOE 1990) requires that best available technology be employed, as needed, to comply
with derived concentration guides (DCGs) for radionuclides in uncontrolled areas. The TA-50 RLWTF
discharge occasionally exceeds the DCGs for ' Am, '*’Cs, #**Pu, and *°Sr. To achieve complete compliance
with the DCGs, the Laboratory is installing ultrafiltration and reverse osmosis units, which are expected to be
operational in January 1998. In addition, further source controls and treatment will be implemented fo meet a
new NPDES discharge standard for NO;-N of 10 mg/L, which is expected to be imposed in 1998.

From 1963 through 1995, a total of 342 million gal. (1,294,500 m®) of treated wastewater were discharged.
The maximum annual discharge was 15.8 million gal. (59,800 m®) in 1968. In recent years discharges have
declined, and since 1990 discharges have averaged 5.5 million gal. (20,800 m®) per year. In 1995 4.6 million
gal. (17,400 m*) were discharged.

From 1963 through 1995, a total of approximately 0.15 Ci of #' Am, more than 2 Ci of "*’Cs, 0.10 Ci **®*Pu,
nearly 0.2 Ci of #%4°Pu, approximately 1.5 Ci of #*°Sr, and approximately 818 Ci of tritium have been
discharged. Most of the radionuclides ?*'Am, "*’Cs, #*®Pu, and #**?*Pu were discharged between 1972 and
1983.

The ratio of %°?*°Py to #*Pu in the TA-50 RLWTF discharge has varied based on the types of waste treated.
This ratio can be used to identify the source or time period of a given source of plutonium contamination in
sediments in Mortandad Canyon. Before 1979 the ratio ranged from 0.03 to 0.57. From 1979 through 1993
the ratio typically ranged between 2 and 3; however, it has been as high as 18. In 1994 the ratio was 0.16,
and in 1995 it was 0.176, which reverses the recent trend. The #****Pu/**Pu ratio is discussed further in
Section 3.8.3 of this work plan.

Some of the water quality parameters (Na*, Cf, NO;, and total dissolved solids [TDS]) of the TA-50 RLWTF
discharge are also summarized in Figure 2.4.6-1. The average concentrations of Na® and Cf released are
441 and 62 mg/L, respectively, with maximum concentrations reaching 1063 mg/L sodium in 1983 and 182
mg/L chloride in 1989. Nitrate (as NO; ) annual average concentration has been 217 mg/L with a maximum of
766 mg/L in 1972. TDS averages 1810 mg/L with a maximum of 4150 mg/L in 1987. In general, as the
volume of discharges decreased after 1981, the concentrations of water quality parameters, especially NO;
and CI, increased notably during the 1980s. Since 1990 the concentrations have generally decreased.

Before 1975, outfalls at TA-50 (other than the RLWTF outfall) discharged into the head of Ten Site Canyon
via drain lines 55 and 67, which originated in buildings TA-50-1 and TA-50-2, respectively. In 1974 two
unplanned releases of untreated wastes occurred due to overflow of a sump in TA-50-2. The activities that
were released are unknown. Drain line 67 was sealed with a flexible plug in February 1975.

Both drain lines were completely removed in 1981. Contaminants encountered during the removal were
primarily "’ Cs, #**Pu, "°Ru, ®Sr, *Sr, and *°Y. Soil samples collected near the outfalls in 1976 contained up to
50,000 pCi/g gross-alpha activity. However, in Ten Site Canyon only 1 of 27 samples contained gross-alpha
activity greater than 20 pCi/g. When the area was patrtially decontaminated in 1981, approximately 70 m® of
soil was removed from the outfall locations. After decontamination, the maximum soil activities observed
near the outfall were 400 pCi/g gross-alpha and 40 pCi/g gross-beta (Elder et al. 1986, 3089).

An RFI was performed for PRS No. 50-006(a), the former Ten Site Canyon outfalls, as part of OU 1147. In
1993 soil samples were collected near the outfalls of the two former drain lines, on both banks of the
drainage channel, and in the canyon drainage channel at regular intervals to about 1300 ft (396 m)
downstream from the TA-50 boundary. Contaminants identified as COPCs after background and screening
action level (SAL) comparisons and multiple chemical risk evaluation were Aroclor 1254 and Aroclor 1260,
the polycyclic aromatic hydrocarbons (PAHS) benz[aJanthracene, benzo[a]pyrene, benzo[b]fluoranthene,
benzo[k]fluoranthene, and the radionuclides #' Am, ©Co, "*’Cs, “°K, #®¥Pu, #92Py, ?*Ra, *Sr, and ***Th. The
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PAHs were eliminated from the COPC list because they probably originated from runoff from asphalt
surfaces in areas adjacent to Ten Site Canyon (LANL 1995, 49925).

A small hummock of soil, which is located on the south side of the drainage channel about 325 ft (99 m)
downstream from the outfalls, contained concentrations of '*’Cs, ?®Pu, 2Py, and **Sr above soil SAL
values. Supplemental soil samples collected around the hummock did not contain contaminants above SAL
values (LANL 1995, 49925). This small area of soil contamination was the subject of an interim action
corrective measure in 1996. According to Field Unit 5 personnel, several cubic yards of material were
removed and placed into 55-gal. drums for disposal.

PRS No. 50-006(a) was not recommended for NFA based on the screening assessment presented in the
RFI report (LANL 1995, 49925). Because material disposal area (MDA) C is adjacent to Ten Site Canyon,
which at the time of the RFI report had not been fully investigated, recommendation for further study of Ten
Site Canyon was deferred until analysis of the drilling investigation at MDA C was completed. However,
preliminary results indicate that Ten Site Canyon has not been impacted by contaminants from MDA C.

An RFI was performed for the current TA-50 RLWTF outfall into Effluent Canyon (PRS No. 50-006[d])
according to the RFI Work Plan for Operable Unit 1147 (LANL 1992, 7672). Soil samples were collected in
nine transect lines perpendicular to the drainage channel from about 20 ft (6.1 m) downstream of the outfall
and at intervals of approximately 100 ft (30.5 m) for a distance of approximately 900 ft (274 m) downstream.
Each transect line comprised 3 sampling locations approximately 5 ft (1.5 m) apart: 1 or 2 sampling locations
in the drainage channel and 1 or 2 sampling locations on the adjacent bank. A total of 57 samples (including
duplicates) were collected from 27 locations from the following depth intervals: 0 to 0.5 ft, 1.5 to 2.5 ft, and 3
to4 ft (0to 15cm, 45 to 76 cm, and 0.91 to 1.22 m). Table 2.4.6-2 summarizes the RFI sampling at PRS No.
50-006(d) and the radiological screening measurements of each sample. Additional information and
discussion of the results of the RFI sampling at this PRS are presented in Section 3.4.4.2 in Chapter 3 of
this work plan. Because PRS No. 50-006(d) is located within Mortandad Canyon, additional investigation of
this PRS was deferred until the Mortandad Canyon investigation and is included as part of this work plan.

2.4.7 Technical Area 52

TA-52 is located on an unnamed mesa and occupies the central portion of former TA-4, which is discussed
above. TA-52 was established in the mid 1960s to house the ultra-high-temperature reactor experiment
(UHTREX). The reactor was shut down in February 1970 and was removed in 1990.

The reactor was housed in building TA-52-1. An outfall associated with TA-52-1 is believed to have
discharged noncontact cooling water, but the location of the outfall is uncertain. PRS No. 52-001(d)
includes the former sump pump room, ducts, and hot cells located within TA-52-1. Inactive septic systems
are present and are included in PRS Nos. 52-002(a through g). PRS No. 52-002(a) is the original septic
system for the UHTREX building. Overflow from the septic tank flowed to a 300-ft-long (91-m-long) tile drain
field trench that runs east to west near the mesa edge bordering Ten Site Canyon. The septic system may
have received solvents, chemicals, and radionuclides as well as sanitary waste.

The other septic systems at TA-52 were installed after 1982 and served only offices; the septic systems did
not discharge into Ten Site Canyon. All of these septic systems were inactive by 1993 when the new
sanitary wastewater treatment plant at TA-46 became operational. No other outfalls that might contribute to
contamination in Mortandad Canyon are associated with TA-52.
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TABLE 2.4.6-2
SUMMARY OF SAMPLES COLLECTED AT PRS No. 50-006(d)

Site ID Depth (ft) | Sample Type | Sample ID | Sample Date Alpha“® Beta® (pCi/g) Gamma®
(pCilg) (pCilg)
50-6000 0-0.5 Reg AAA2492 6/9/93 10.3 19.2 3.96
50-6001 0-0.5 Reg AAA2493 6/9/93 60.4 26.3 7.71
50-6002 0-0.5 Reg AAA2494 6/9/93 8.22 29.4 4.21
50-6002 1.5-2.5 Reg AAA2750 6/9/93 22.1 43.4 13.03
50-6002 34 Reg AAA2752 6/9/93 31.2 112.7 104.4
50-6003 0-0.5 Reg AAA2495 6/9/93 18.2 40.6 4.04
50-6004 0-0.5 Reg AAA2496 6/9/93 2.61 20.5 1.1
50-6005 0-0.5 Reg AAA2497 6/9/93 BDL® 15.9 0.6
50-6005 34 Reg AAA2753 6/9/93 6.96 13.0 1.08
50-6006 0-0.5 Reg AAA2498 6/9/93 35.5 34.9 17.23
50-6007 0-0.5 Reg AAA2499 6/9/93 35.8 15.1 16.54
50-6007 1.5-2.5 Reg AAA2749 6/9/93 59.9 36.1 31.44
50-6008 0-0.5 Reg AAA2500 6/9/93 12.1 31.3 2.05
50-6008 1.5-2.5 Reg AAA2748 6/9/93 4.49 14.5 1.44
50-6008 34 Reg AAA2751 6/9/93 1.86 40.5 1.34
50-6009 0-0.5 Reg AAA2501 6/7/93 18.8 43.7 1.92
50-6009 34 Reg AAA2739 6/7/93 9.65 29.0 0.63
50-6010 0-0.5 Reg AAA2502 6/7/93 22.1 41.3 133.75
50-6011 0-0.5 Reg AAA2503 6/7/93 17.9 53.0 9.03
50-6011 0-0.5 Dup AAA2742 6/7/93 17.8 45.4 8.13
50-6012 0-0.5 Reg AAA2504 6/7/93 5.76 21.7 10.3
50-6012 1.5-2.5 Reg AAA2743 6/7/93 1.64 21.1 16.72
50-6012 1.5-2.5 Dup AAA2745 6/7/93 BDL 9.93 22.98
50-6013 0-0.5 Reg AAA2505 6/7/93 10.7 45.9 41.99
50-6014 0-0.5 Reg AAA2506 6/7/93 BDL 9.69 0.83
50-6014 1.5-2.5 Reg AAA2725 6/7/93 6.74 10.1 1.19
50-6015 0-0.5 Reg AAA2507 6/7/93 8.33 62.1 4.5
50-6015 34 Reg AAA2747 6/7/93 10.1 29.6 20.24
50-6016 0-0.5 Reg AAA2508 6/7/93 17.9 29.3 31.65
50-6016 1.5-2.5 Reg AAA2744 6/7/93 6.29 29.4 38.97
50-6017 0-0.5 Reg AAA2509 6/7/93 9.9 33.1 1.96
50-6017 34 Reg AAA2735 6/7/93 4.27 31.9 0.88
50-6017 34 Dup AAA2746 6/7/93 3.28 18.5 0.85
50-6018 0-0.5 Reg AAA2510 6/3/93 45.5 40.9 27.41
50-6018 1.5-2.5 Reg AAA2728 6/3/93 44.4 62.9 31.39
50-6018 34 Reg AAA2736 6/3/93 19.5 55.8 34.27
50-6019 0-0.5 Reg AAA2511 6/3/93 4.26 20.9 1.79
50-6019 1.5-2.5 Reg AAA2726 6/3/93 4.86 21.6 1.15
50-6019 34 Reg AAA2733 6/3/93 9.71 17.8 0.95
a Alpha, beta, and gamma values from radiological screening of samples
b. BDL = below detection limit
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TABLE 2.4.6-2 (continued)
SUMMARY OF SAMPLES COLLECTED AT PRS No. 50-006(d)

Site ID Depth (ft) | Sample Type | Sample ID | Sample Date Alpha“® Beta® (pCi/g) Gamma®
(pCilg) (pCilg)
50-6020 0-0.5 Reg AAA2512 6/3/93 6.96 21.0 1.22
50-6020 1.5-2.5 Reg AAA2732 6/3/93 9.21 28.2 0.9
50-6020 34 Reg AAA2740 6/3/93 9.54 19.4 0.93
50-6021 0-0.5 Reg AAA2513 6/3/93 23.0 57.0 76.61
50-6021 1.5-2.5 Reg AAA2727 6/3/93 28.3 157.3 176.96
50-6021 34 Reg AAA2738 6/3/93 33.3 128.6 101.36
50-6022 0-0.5 Reg AAA2514 6/3/93 14.2 20.9 22.8
50-6022 1.5-2.5 Reg AAA2731 6/3/93 38.0 72.2 122.9
50-6022 34 Reg AAA2741 6/3/93 30.0 247.2 341.04
50-6023 0-0.5 Reg AAA2515 6/3/93 21.4 53.3 40.49
50-6023 1.5-2.5 Reg AAA2729 6/3/93 4.86 39.3 8.89
50-6023 34 Reg AAA2734 6/3/93 7.84 90.4 42.0
50-6024 0-0.5 Reg AAA2516 6/3/93 16.4 255 5.68
50-6024 1.5-2.5 Reg AAA2724 6/3/93 42.8 46.1 19.94
50-6025 0-0.5 Reg AAA2517 6/3/93 35.6 64.3 37.62
50-6026 0-0.5 Reg AAA2518 6/3/93 39.4 53.2 22.26
50-6026 1.5-2.5 Reg AAA2730 6/3/93 130.7 139.7 104.43
50-6026 34 Reg AAA2737 6/3/93 83.5 132.2 128.08
Minimum 1.64 9.69 0.6
Maximum 130.7 247.2 341.04
Geometric Mean 14.18 35.62 9.20
Average 21.93 46.91 33.47
a. Alpha, beta, and gamma values from radiological screening of samples
b. BDL = below detection limit

In 1995 an RFI was conducted at the TA-52 PRSs according to the RFI Work Plan for Operable Unit 1129
(LANL 1992, 7666). The RFI report is expected to be completed in 1998.

2.4.8 Technical Area 55 and Former Technical Area 42

TA-55 is located on an unnamed mesa between Mortandad Canyon to the north and Twomile Canyon to the
south; it encompasses the area of former TA-42, which is discussed below.

2.4.8.1 Technical Area 55

TA-55 was established in 1973 for the plutonium-processing laboratory. Operations include fabrication of
plutonium metal components, processing of plutonium, and basic research on transuranic materials.

Four PRSs at TA-55 are associated with storm water from building TA-55-4, which is collected in catch basins
equipped with storm drains that discharge to Mortandad Canyon. PRS No. 55-011(a) discharges storm water
collected from the northwest side of TA-55-4; PRS Nos. 55-011(b, ¢, and e) discharge storm water from the
northeast side of TA-55-4. PRS No. 55-010 is associated with potential soil contamination from solvents
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used during painting when building TA-55-1 was constructed. No RFI has been performed at the PRSs in
this technical area, and no data on known or suspected contaminants are available.

2.4.8.2 Former Technical Area 42

Former TA-42, the Incinerator Site, was located at the north side of what is now TA-55, on the south edge of
Effluent Canyon. The incinerator was designed to burn radionuclide-contaminated wastes generated at the
Laboratory, thereby reducing the volume. The incinerator was completed in 1951 and operated for a short
time in 1951 and 1952. Because of poor performance and operational problems, very little waste was
actually incinerated (Harper and Garde 1981, 6286).

From 1957 until 1969 the site was used to store and decontaminate equipment (for example, dry boxes and
vehicles). In 1969 an unsuccessful attempt was made to reactivate the incinerator to burn uncontaminated
classified wastes, but by 1970 all operations were discontinued and all combustibles were removed from the
building (Harper and Garde 1981, 6286; DOE 1987, 8663). In 1978 the incinerator, including all structures,
debris, and contaminated soils, was removed and disposed of at TA-54, Area G. The site was recontoured
and revegetated (Harper and Garde 1981, 6286; LANL 1992, 7666).

The following four PRSs were identified at the former TA-42 site.

PRS Nos. 42-001(a through c) Incinerator complex
PRS Nos. 42-002(a and b) Decontamination area
PRS No. 42-003 Septic system

PRS No. 42-004 Canyon disposal

These PRSs are described in the RFI Work Plan for Operable Unit 1129 (LANL 1992, 7666). In 1993 an RFI
for these PRSs was conducted, and the results were reported in the RFI report (Pratt et al. 1994, 41204,
LANL 1995, 50056). Concentrations of contaminants above SAL values were not detected, and all PRSs
were recommended for NFA.

2.4.9 Technical Area 63

TA-63, which is located south of TA-35 on an unnamed mesa, currently houses an engineering section
office and several supporting office trailers. In 1989 TA-63 was created from the western portion of the
original TA-52 when the Laboratory redefined the technical area boundaries. The area was part of TA-4 in
the 1950s and TA-0 during the 1960s and 1970s. The area has been occupied only by office trailers,
storage sheds, and maintenance shops throughout its history.

PRSs associated with TA-63 are listed in Appendix B of this work plan and are shown in Figure A-1 in
Appendix A of this work plan. No outfalls are associated with TA-63; however, two septic systems served TA-
63 before 1992. These septic systems have been designated as PRS Nos. 63-001(a and b). No surface
effluent was discharged from these systems because they were designed with seepage pits. In 1992 the
septic systems were disconnected from the building they served and removed from service. The sanitary
waste lines were connected to the sanitary sewer system for the TA-46 wastewater treatment plant.

In 1995 an RFI was conducted at the TA-63 PRSs according to the RFI Work Plan for Operable Unit 1129
(LANL 1992, 7666). Four boreholes were drilled at each of the septic systems, and soil samples were
collected at depth to characterize the septic systems. Field screening during sample collection did not
indicate the presence of radioactive constituents above background levels or the presence of VOCs. The
RFI report is expected to be completed in 1998.
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Chapter 3 Environmental Setting

3.0 ENVIRONMENTAL SETTING

This chapter describes the environmental setting of Mortandad Canyon and Ten Site Canyon and their
main tributaries, Effluent Canyon and Pratt Canyon, respectively. The regional environmental setting of
the Laboratory is presented in Chapter 3 of the Core Document for Canyons Investigations (hereafter
“core document”) (LANL 1997, 565622) and in Chapter 2 of the Installation Work Plan for Environmental
Restoration Program (IWP) (LANL 1996, 55574). This chapter summarizes existing information relevant to
the characterization of the Mortandad Canyon system. This chapter also identifies additional information
needed to expand the conceptual understanding of the environmental processes that occur within the
system and to assess the magnitude and importance of potential exposure pathways within the system.

This chapter provides the technical basis for the conceptual model, which is described in Chapter 4 of this
work plan. Chapter 2, Chapter 3, and Chapter 4 are then used to develop the specific field sampling plans
presented in Chapter 7 of this work plan.

Throughout the years, numerous boreholes have been drilled and either completed for some purpose,
left open and uncompleted, or abandoned. The boreholes and completions have been designated by
letters and numbers. The first two or three letters designate the canyon or mesa (for example, MC =
Mortandad Canyon, TSC = Ten Site Canyon, PM = Pajarito Mesa), and the last letter or letters designate
the function, as follows.

0] Observation well;, completed with screen or perforated casing in alluvium, intended for water level
measurement and water sample collection

ol Observation intermediate; completed in an intermediate perched zone

M Moisture access tube; borehole cased with 2-in.-diameter plastic pipe with a plug in the bottomn,
intended for logging with a neutron moisture/density gauge

C/CH Core hole; not completed as a well
WwB Water-balance; well completed in alluvium intended for water level measurement only

Each letter is typically followed by a number, which indicates the downstream sequence of installation. The
letters after the numbers indicate multiple installations at approximately the same locations as transects,
replacements, or multiple depths (for example, MCM-8A through MCM-8F).

Exceptions include the following. Water supply wells are designated by the location of the well field (for
example, LA = Los Alamos Canyon, PM = Pajarito Mesa, G = Guaje Canyon, O = Otowi); test wells, typically
to the regional aquifer (to monitor water levels and collect samples) are designated TW or DT (deep test);
SHB as a sole designator means seismic hazard borehole, not completed as a well; EGH means
exploratory geothermal hole, also not completed. In addition, a special set of boreholes, designated MT
for Mortandad test, were completed as wells in the alluvium.

The letter and number/letter designations for these installations also are used as locations on various
maps provided in this work plan.

In addition, sediment sampling locations used in the 1960s and 1970s were designated MCS and TSCS
followed by a number. The locations are adjacent to the observation wells designated by MCO or TSCO
followed by the downstream sequence number. Recently sediment sampling locations have been
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designated by the nearby well number (for example, Mortandad at MCO-9 [see Figure A-2 in Appendix A
of this work plan]).

Within this work plan, the term “well” refers to a completed borehole with the capability to contain water,
specifically the water supply, test, observation, Mortandad test, and water-balance wells. Uncompleted
core holes are referred to as “boreholes,” whereas the “moisture access tubes” are referred to as such.

A comprehensive compilation and description of boreholes and completions discussed in this work plan
are provided by Purtymun (1995, 45344).

3.1 Location, Topography, and Surface Drainage
3.1.1 Mortandad Canyon

Mortandad Canyon is a narrow, east/southeast-trending canyon that heads on the central part of the
Pajarito Plateau at an elevation of 7417 ft (2261 m). The watershed extends from the southern part of
Technical Area (TA) -3 east/southeast for about 5 mi (8.1 km) on Laboratory property and another 4.5 mi
(7.2 km) on San lldefonso Pueblo land to the confluence with the Rio Grande. The drainage area of
Mortandad Canyon on Laboratory property is about 2 mf (5.2 km?). Figure A-2 in Appendix A of this work
plan shows the location of Mortandad Canyon within the Laboratory boundary and the area of the
watershed.

Shortly downstream from TA-3 Mortandad Canyon forms a deep, narrow, relatively straight drainage
channel. The upper canyon is incised approximately 100 ft (30.5 m) into the Tshirege Member of the
Bandelier Tuff. The canyon borders TA-48 on the north approximately 0.7 mi (1.1 km) from the head of
the canyon; at this location it is between 700 and 800 ft (213 and 244 m) wide at the rim and approximately
100 ft (30.5 m) deep.

Mortandad Canyon contains a stream that is entirely ephemeral; neither perennial springs nor natural
perennial reaches occur. Snowmelt runoff and stormwater runoff from seasonal snow and rain storms flow
for a limited distance in the upper canyon and occasionally as far as the sediment traps. Upstream of
TA-48, snowmelt and stormwater runoff and cooling water discharges are the sources of flow into
Mortandad Canyon. Stormwater runoff into the canyon has likely increased in volume during the past 30
years because of construction of paved parking lots, roads, and buildings at the Laboratory, which
increase the imperviousness of the watershed. Surface water flows from the National Pollutant Discharge
Elimination System (NPDES) -permitted outfall 051 at the Laboratory’s TA-50 Radioactive Liquid Waste
Treatment Facility (RLWTF) and from NPDES-permitted cooling tower outfalls at TA-3 and TA-48. Surface
flow that results from all outfalls typically extends less than 1 mi (1.6 km) downstream of outfall 051 (LANL
1997, 55622).

For discussion purposes, Mortandad Canyon is divided into upper, middle, lower, and lower off-site
sections, similar to those described in earlier reports (for example, Stoker et al. 1991, 7530) except that
the designations herein encompass the entire canyon from TA-3 to the Rio Grande.

The upper canyon is the steep narrow upper portion of the canyon that extends from near TA-3 (CMR
Building) for about 1.4 mi (2.3 km) eastward to the confluence with Effluent Canyon.

The middle canyon is the deep narrow portion of the canyon that extends from the confluence of
Effluent Canyon about 1.1 mi (1.8 km) eastward to near Test Well (TW) -8 and Mortandad Canyon
observation (MCO) well MCO-5.
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The lower canyon is the wider portion of the canyon that extends from near TW-8 about 2 mi (3.2 km) to
the Laboratory boundary. This portion of the canyon contains the largest volume of alluvial material, the
sediment traps, and most of the alluvial groundwater.

The lower off-site canyon is the remaining portion of the canyon that extends from the Laboratory
boundary about 5 mi (8.1 km) on San lldefonso Pueblo land to the Rio Grande.

3.1.2 Ten Site Canyon

Ten Site Canyon is the major tributary to Mortandad Canyon on Laboratory property; it lies south of
Mortandad Canyon and extends parallel to Mortandad Canyon for about 1.5 mi (2.4 km). Ten Site Canyon
heads at the south side of TA-50 at an elevation of about 7250 ft (2210 m) and joins Mortandad Canyon in
the lower canyon. A small tributary of Ten Site Canyon, recently referred to as “Pratt Canyon” (LANL 1996,
54422), received discharges of liquid and sludge waste from the TA-35 wastewater treatment plant that
operated from 1951 to 1963. Earlier reports (for example, Aeby 1952, 741) generally referred to Pratt
Canyon and Ten Site Canyon as Mortandad Canyon.

3.1.3 Effluent Canyon

Another small tributary to Mortandad Canyon, called “Effluent Canyon,” is located east of TA-48 and north
of TA-55. Effluent Canyon enters from the south approximately 1.4 mi (2.3 km) downstream of the head of
the canyon. Effluent Canyon heads at the east side of TA-48 at an elevation of approximately 7300 ft
(2225 m). At the confluence with Effluent Canyon, Mortandad Canyon is approximately 1000 ft (305 m)
across, rim to rim, and approximately 150 ft (46 m) deep. A small wetland east of TA-48 has formed from
cooling water discharges into Effluent Canyon. Stormwater runoff from the west, south, and east sides of
TA-48, the north part of TA-55, and the western part of TA-35 also drain into Effluent Canyon.

This small tributary canyon receives discharge from the TA-50 RLWTF. This outfall has been used since
1963 and is the primary reason why Mortandad Canyon has been the subject of vigorous environmental
monitoring since 1960. As many as four noncontact cooling water systems at TA-48 and TA-55 also
discharged into Effluent Canyon as of 1990; many of these systems have been discontinued or are
expected to be discontinued. Discharges from TA-48 support small wetlands in Effluent Canyon between
TA-48 and the TA-50 RLWTF outfall (Figure A-1 in Appendix A of this work plan).

3.1.4 Cedro Canyon

Cedro Canyon, another major tributary, is located entirely on San lldefonso Pueblo land; it extends for
about 3 mi (4.8 km) and joins Mortandad Canyon at state road NM4 north of White Rock about 3 mi (4.8 km)
upstream of the Rio Grande. The stream of Cedro Canyon is entirely ephemeral (McLin 1992, 12014).

3.1.5 Canada del Buey

Canada del Buey, another major tributary, heads on Laboratory property near TA-52, extends about 7 mi
(11.2 km) to the southeast along the north side of TA-54 through the north part of White Rock, and joins
Mortandad Canyon about 0.5 mi (0.8 km) upstream of the Rio Grande. Cafada del Buey will be addressed
in a separate canyons investigation work plan.
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3.2 Climate

The climate of the Pajarito Plateau and the vicinity of Mortandad Canyon is discussed in the core
document (LANL 1997, 565622) and is briefly discussed in this section. However, the Laboratory has no
meteorological stations in Mortandad Canyon;, therefore, canyon-specific data are not available.

Climate influences sediment formation and transport, and the transport of contaminants in surface and
subsurface environments. The speed, frequency, direction, and stability of winds influence the airborne
transport of contaminants; the form, frequency, intensity, and evaporation potential of precipitation
influences surface water runoff and infiltration within the canyon.

Los Alamos County has a semiarid, temperate, mountain climate, which is summarized in the core
document (LANL 1997, 55622) and Chapter 2 of the IWP (LANL 1996, 55574). It is also discussed in
detail by Bowen (1990, 6899).

Past investigations of the hydrology of Mortandad Canyon have mentioned evapotranspiration (ET) as a
process for removing shallow alluvial groundwater (for example, Baltz et al. 1963, 8402; Purtymun 1974,
5476; Purtymun et al. 1983, 6407). Canyon-specific ET data are not available; however, three ET
monitoring stations have recently been installed in the canyon by the Laboratory Water Quality and
Hydrology group (ESH-18). These stations are designated as ET-1, ET-2, and ET-3 and are located near
wells MCO-7.5, MCO-6, and MCO-5, respectively (see Figure A-2 in Appendix A of this work plan).

3.3 Geology

Detailed discussions of the regional geologic setting of the Pajarito Plateau are presented in Griggs (1964,
8795), the IWP (LANL 1996, 55574), the Hydrogeologic Workplan (LANL 1996, 55430), and, most
recently, the core document (LANL 1997, 55622). The following discussion uses the core document as
the point of departure and provides detail that is specific to the Mortandad Canyon system. Unless
otherwise noted, locations of wells and boreholes mentioned herein are shown in Figure A-2 in Appendix
A of this work plan. Some locations are off the scale of Figure A-2; these wells and boreholes can be found
in maps and figures in the core document (LANL 1997, 565622) and/or the Hydrogeologic Workplan (LANL
1996, 55430).

The surface distribution of bedrock geologic units in the Mortandad Canyon area is shown on geologic
maps prepared by Baltz et al.(1963, 8402) and Rogers (1995, 54419). The subsurface geology has been
investigated by a number of deep boreholes including those for wells TW-8 (Baltz et al. 1963, 8402); PM-3
located in Sandia Canyon to the north (Purtymun 1967, 11829; Purtymun 1995, 45344); PM-4 located in
Canada del Buey to the south (Purtymun 1995, 45344); PM-5 (Purtymun 1995, 45344); SHB-1 (Gardner
etal. 1993, 12582); and EGH-LA-1 (Purtymun 1995, 45344). Numerous shallow boreholes in the floor of
Mortandad Canyon have penetrated alluvium and upper bedrock units. The distribution of geologic units
in the Mortandad Canyon area is illustrated by Rogers (1995, 54419).

3.3.1 Stratigraphy
The principal bedrock units in the Mortandad Canyon area consist of the following, in ascending order.

. Santa Fe Group: 4 to 21 Ma (Manley 1979, 11714)
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. Puye Formation: 1.7 to 4 Ma (Turbeville et al. 1989, 21587; Spell et al. 1990, 21586) and
interstratified volcanic rocks including the Tschicoma Formation on the west (2.53 to 6.7 Ma)
(Gardner and Goff 1984, 44021; WoldeGabriel et al. 1996, 54427) and basalts of the Cerros del
Rio volcanic field on the east (2 to 3 Ma) (Gardner and Goff 1984, 44021)

. Otowi Member of the Bandelier Tuff: (ca 1.61 Ma, Izett and Obradovich 1994, 48817)
. tephras and volcaniclastic sediments of the Cerro Toledo interval
. Tshirege Member of the Bandelier Tuff: ca 1.22 Ma (Izett and Obradovich 1994, 48817; Spell et

al. 1990, 21586)

The bedrock stratigraphy is illustrated in Figure 3.3.1-1, and a brief description of the principal bedrock units is
given below.

3.3.1.1 Santa Fe Group

In the general area of Mortandad Canyon, the Santa Fe Group was penetrated by water supply wells PM-3,
PM-4, and PM-5 and by borehole EGH-LA-1. Based on borehole lithological and geophysical logs,
Purtymun (1995, 45344) divided the Santa Fe Group into three formations, which include (in ascending
order) the Tesuque Formation, the Chamita Formation, and the “Chaquehui Formation.”

3.3.1.1.1 Tesuque Formation

In PM-4 the Tesuque Formation consists of poorly-consolidated, light pinkish brown, silty sandstone,
siltstone, and claystone (Purtymun 1967, 11829). The sandstones are predominately fine- to medium-
grained, and the sand grains are subrounded to well rounded. Although not described in the Mortandad
Canyon area, the Tesuque Formation also contains subordinate gravel and cobble layers in boreholes for
wells that are located in other parts of the Pajarito Plateau.

3.3.1.1.2 Chamita Formation

The Chamita Formation is 80 ft (24 m) thick in PM-5 but is absent in PM-3 (Purtymun 1995, 45344). It is
similar in appearance to the Tesuque Formation, but the former reportedly contains a larger proportion of
volcanic and granitic clasts in its gravel layers (Galusha and Blick 1971, 21526) and Paleozoic limestone
cobbles in its conglomerate layers (Dethier and Manley 1985, 21506). The Chamita Formation contains
lithologically distinct quartzitic gravels (Galusha and Blick 1971, 21526). Upper layers of the Chamita
Formation may contain cobbles of Jemez volcanic rocks, primarily andesites and dacites. However,
because of similarities of appearance, obvious time overlaps, and interfingering relations, differentiation of
the Chamita Formation from Tesuque Formation deposits is often difficult, particularly in borehole
investigations.

3.3.1.1.3 “Chaquehui Formation”

Purtymun (1995, 45344) calls a distinctive group of coarse-grained sediments at the top of the Santa Fe
Group the “Chaquehui Formation.” The name “Chaquehui Formation” is used here in an informal and
provisional sense because the type section in Chaquehui Canyon is much younger than the “Chaquehui
Formation” identified in boreholes on the Pajarito Plateau. In PM-3 the “Chaquehui Formation” consists of
medium- to coarse-grained sandstone, conglomerate, and siltstone (Purtymun 1967, 11829). Because of
its high permeability characteristics, it is an important aquifer for the development of high-yield, low-
drawdown municipal and industrial water supply wells.
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All the deep boreholes in the Mortandad Canyon area encountered basaltic lava flows that are
interbedded with the sedimentary deposits of the “Chaquehui Formation.” These basalts range in
thickness from 30 to 480 ft (9.1 to 146 m). They are generally described as dark gray and dense, but red
vesicular zones are also present (Purtymun 1967, 11829).

The “Chaquehui Formation” was deposited in a late Miocene trough 3 to 4 mi (4.8 to 6.4 km) wide and 7 to
8 mi (11 to 13 km) long that extended northeastward across the Pajarito Plateau (see Figure 2-4 in the
Hydrogeologic Workplan [LANL 1996, 55430]). This trough is filled with up to 1500 ft (457 m) of gravels,
cobbles, and boulders derived from the Jemez volcanic field and with volcanic, metamorphic, and
sedimentary rocks derived from highlands to the north and east. The trough is partly coincident with low-
gravity anomalies that Ferguson et al. (1995, 56018) interpreted as a sediment-filled graben on the
western side of the Espariola basin of the Rio Grande rift. The eastern side of this trough crosses
Mortandad Canyon near state road NM4. The western margin of the trough is not well constrained but
probably lies west of the headwaters of Mortandad Canyon.

3.3.1.2 Puye Formation

The Puye Formation is a fanglomerate deposit generally consisting of poorly-sorted boulders, cobbles,
and coarse sands. In PM-3 the clasts are composed of latite, rhyolite, and fragments of basalt and pumice
(Purtymun 1967, 11829). In TW-8 the fanglomerate consists predominately of fine- to coarse-grained
sands and interbedded clay, silt, and gravel (Baltz et al. 1963, 8402). The lower part of the fanglomerate
includes more than 95 ft (29 m) of light tan to light gray tuff and tuffaceous sand. Confined groundwater
representing the top of the regional aquifer was found in these tuffs and tuffaceous sands between the
depths of 985 and 990 ft (300 and 302 m) during drilling of the borehole for TW-8 (Baltz et al. 1963, 8402).
The water rose in the borehole to a depth of 962.5 ft (293.4 m) below ground surface, which indicates
confined conditions. The nature of the confining beds could not be determined from drill cuttings, but
Baltz et al. (1963, 8402) believed that the beds were clay.

In TW-8 a sequence of brown and gray basaltic lava flows split the fanglomerate into the main lower part
and a thin upper part (Baltz et al. 1963, 8402) (see Figure A-3 in Appendix A of this work plan). Similar
basalts were penetrated in the Puye Formation by other deep boreholes in the area. These basalts are
stratigraphically equivalent to the basaltic rocks of the Cerros del Rio volcanic field, and they probably
represent an extension of that volcanic field beneath the Pajarito Plateau. Dacite, presumably
representing the distal edge of a Tschicoma Formation lava flow, was found in the upper part of the
fanglomerate in borehole SHB-1. Similar dacite flows may underlie the headwaters of Mortandad
Canyon.

The lower part of the Puye Formation includes the “Totavi Lentil” of Griggs (1964, 8795), which is an axial
deposit of the ancestral Rio Grande. In PM-3 this deposit is composed of gravel and boulders of latite,
rhyolite, and quartzite (Purtymun 1967, 11829). The thickness of the “Totavi Lentil” varies from 40 ft (12
m) in PM-4 to 70 ft (21 m) in PM-5 (Purtymun 1995, 45344). The “Totavi Lentil” interfingers with the
fanglomerates of the Puye Formation and basaltic rocks of the Cerros del Rio volcanic field in White Rock
Canyon.

3.3.1.3 Otowi Member of the Bandelier Tuff

The Otowi Member is a nonwelded, poorly-consolidated ignimbrite sheet made up of stacked ash-flow
units composed of pumice lapilli supported by a matrix of ash and crystal fragments. The Otowi Member
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varies in reported thickness from 184 ft (56 m) in SHB-1 to 465 ft (142 m) in borehole EGH-LA-1. The
deposits of the Otowi Member beneath middle Mortandad Canyon (near TW-8 and EGH-LA-1) are among
the thickest on the Pajarito Plateau (see Figure 5 in Broxton and Reneau [1996, 55429]). The Otowi
Member thins eastward against a north-trending basaltic highland that crosses Mortandad Canyon near
state road NM4. The Otowi Member is absent in lower Mortandad Canyon where it either was not
deposited or was removed by erosion before the Tshirege Member was deposited.

The basal part of the Otowi Member includes the Guaje Pumice Bed, which is a sequence of well-stratified
pumice-fall and ash-fall deposits. The Guaje Pumice Bed is typically 30 to 35 ft (9.1 to 10.7 m) thick
beneath middle and upper Mortandad Canyon (Purtymun 1995, 45344).

3.3.1.4 Tephras and Volcaniclastic Sediments of the Cerro Toledo Interval

Tephras and volcaniclastic sediments of the Cerro Toledo interval is an informal name given to a complex
sequence of epiclastic sediments and tephras of mixed provenance (Broxton and Reneau 1995,
49726). This unit includes well-stratified tuffaceous sandstones and siltstones, primary ash-fall and
pumice-fall deposits, and dacite-rich gravels and boulder deposits. The Cerro Toledo deposits, which
vary in thickness from 0 to more than 100 ft (30 m), were deposited partly in erosional channels
developed on top of the Otowi Member before deposition of the Tshirege Member and partly on
paleotopographic drainage divides. Erosion of the Cerro Toledo interval may have occurred in places
before deposition of the Tshirege Qbt 1 unit, which created locally variable thickness. The Cerro Toledo
interval is approximately 140 ft (43 m) thick in borehole SHB-1 (Gardner et al. 1993, 12582) and
approximately 80 ft (24 m) thick in borehole 35-2028 located in Pratt Canyon (LANL 1996, 54422). The
Cerro Toledo interval was not previously identified in any boreholes drilled for wells in Mortandad Canyon;
however, it is probably present but was not recognized as a separate unit by geologists who tended to
combine these deposits with the Tsankawi Pumice Bed of the Tshirege Member. During preparation of
this work plan, borehole logs were reinterpreted to identify probable Cerro Toledo deposits beneath
Mortandad Canyon based on the expected thickness of the Tshirege Qbt 1g unit and the Tsankawi
Pumice Bed in this area.

3.3.1.5 Tshirege Member of the Bandelier Tuff

The Tshirege Member is a multiple-flow ignimbrite sheet that underlies the alluvium on the floor of upper
and middle Mortandad Canyon and forms the prominent cliffs and mesas adjacent to the canyon. The
Tshirege Member includes a number of subunits that can be recognized based on differences in physical
and weathering properties. Both Baltz et al. (1963, 8402) and Rogers (1995, 54419) applied different
systems of stratigraphic nomenclature to subunits of the Tshirege Member. This work plan follows the
nomenclature of Broxton and Reneau (1995, 49726), which was adopted for use as a standard by the
Laboratory Environmental Restoration (ER) Project. Correlations among these different systems of
nomenclature are shown in Figure 3-8 of the core document (LANL 1997, 55622).

Within the Mortandad Canyon system, the following subunits of the Tshirege Member are present.

. The Tsankawi Pumice Bed is the basal pumice fallout deposit of the Tshirege Member. This
pumice bed is typically 1 to 3 ft (0.30 to 0.91 m) thick in this part of the Laboratory. It is composed
of equant angular to subangular clast-supported pumice lapilli up to 6 cm (2.4 in.) in diameter. It is
exposed at the surface in areas of Mortandad Canyon east of state road NM4.
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. Qbt 1g is the lowermost unit in the thick ignimbrite sheet that makes up most of the Tshirege
Member. Qbt 1g is a porous, nonwelded, poorly-sorted, vitric ignimbrite. It is poorly-indurated but
nonetheless forms steep cliffs because a resistant bench near the top of the unit forms a
protective cap over the softer underlying tuffs. Qbt 1g underlies the broad canyon floor west of
the sediment traps and lower parts of cliff walls in the middle and the upper sections of lower
Mortandad Canyon.

. Qbt 1v is a series of cliff- and slope-forming outcrops composed of porous, nonwelded, devitrified
ignimbrite. The base of the unit is a thin, horizontal zone of preferential weathering that marks the
abrupt transition from vitric tuffs below to devitrified tuffs above; this feature forms a widespread
mappable marker horizon throughout lower Mortandad Canyon. The lower part of Qbt 1v is a
resistant orange brown colonnade tuff that forms a distinctive low cliff characterized by columnar
jointing. The colonnade tuff is overlain by a distinctive white band of slope-forming tuffs. Qbt 1v is
exposed in canyon walls in middle and lower Mortandad Canyon and subcrops beneath the
canyon floor west of TW-8.

. Qbt 2 forms a distinctive, medium brown, vertical cliff that stands out in marked contrast to the
slope-forming, lighter-colored tuffs above and below. This unit is the zone of greatest welding in
the Tshirege Member and underlies the canyon floor in the steep, narrow parts of middle Ten Site
Canyon and upper Mortandad Canyon. Qbt 2 forms the resistant caprock on mesa tops in lower
Mortandad Canyon.

. Qbt 3 is a nonwelded to partially welded, vapor-phase altered ignimbrite. The basal part of Qbt 3
consists of a soft, nonwelded tuff that forms a broad gently sloping bench on top of Qbt 2 in
canyon wall exposures and on the broad canyon floor in upper Mortandad Canyon. The upper part
of Qbt 3 is a partially welded tuff that forms the caprock of mesas adjacent to middle and upper
Mortandad Canyon.

. Qbt 4 is a partially- to densely-welded ignimbrite characterized by small, sparse pumices and
numerous intercalated surge deposits. This unit is exposed on mesa tops in the western part of
upper Mortandad Canyon.

3.3.1.6 Alluvium

Alluvium of Pleistocene and Holocene age rests unconformably on the Bandelier Tuff and the Cerro
Toledo interval in Mortandad Canyon west of state road NM4. The alluvium consists mostly of detritus
eroded from the Tshirege Member of the Bandelier Tuff, which forms the steep walls of the canyon. The
alluvium also contains detritus eroded from eolian deposits and fallout pumice deposits. In the upper
canyon, the alluvium is thin and consists of boulders, cobbles, and pebbles of tuff intermixed with sand,
silt, and clay. The sand consists mainly of fine- to coarse-grained crystal fragments of quartz and sanidine
and is relatively thin, ranging from a few inches up to about 18 ft (5.5 m) thick at well MCO-4.

In middle and lower Mortandad Canyon, the alluvium is generally composed of finer-grained materials,
including sand, silt, and clay. The alluvium is significantly thicker and wider in this part of the canyon,
ranging from 18 ft (5.5 m) thick at well MCO-4 to 36 ft (11 m) thick at well MCO-6 and to about 60 ft (18 m)
thick at well MCO-8.
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Figure A-3 in Appendix A of this work plan shows the longitudinal cross section along the axis of the
Mortandad Canyon drainage channel and the main tributary canyons, including Ten Site Canyon, its
tributary, Pratt Canyon, and Effluent Canyon. The figure contains information from the important
boreholes in Mortandad Canyon and information from deep boreholes near the canyon, which are
projected into the line of cross section. Also shown on the figure are multiple cross sections perpendicular
to the axis of the channel, which show the approximate configuration and shape of the canyon and the
thickness and width of the alluvial sediments. The vertical scale exaggeration shown is 10 times the
horizontal scale; therefore, changes in the channel gradient are obvious on the cross section. The
approximate base of the alluvium, as obtained from borehole logs for the deepest part of the alluvial
channel in each section of the canyon, is also shown on the cross section.

Where available, gamma log traces have been added to the figure adjacent to their respective boreholes
to provide visual information about subsurface stratigraphy. The gamma logs were obtained in 1960 during
installation of the wells (Purtymun 1964, 11822) and provide general information about natural radiometric
variation of the sediments. In general, the gamma logs show the relative abundance of “°K in the
sediments. Finer-grained materials such as clays contain higher concentrations of “°K, whereas coarser-
grained sands and gravels contain lower concentrations.

The alluvium thickens downstream to near the MCO-8 line of wells. Stratigraphic markers observed on the
gamma logs were used to correlate possible horizons within the alluvium. Upper horizons within the
alluvium show thickening in the area from the sediment traps to near well MCO-8, probably due to
sediment deposition during stormwater runoff (see Section 3.6). The location of the base of the alluvium is
difficult to determine in the lower canyon where the Cerro Toledo interval subcrops beneath the alluvium.

The alluvium in the middle canyon is composed of two distinct zones (Baltz et al. 1963, 8402; Stoker et al.
1991, 7530). The lower portion of the alluvium is primarily brown silt and clay with interspersed sand
lenses, and the upper part of the alluvium is composed of coarse-grained crystal fragment sand and tuff
detritus gravels with a few interspersed lenses of silt and clay. Generally, the alluvium is thickest near the
axial part of the canyon and becomes thinner toward the edges. The upper part of the alluvium is about 18
ft (5.5 m) thick at MCO-4 and about 30 ft (9.1 m) thick at MCO-8.

The source of the alluvium in Mortandad Canyon is mostly from physical and chemical weathering of the
steep canyon walls that are formed from Tshirege units Qbt 1, Qbt 2, Qbt 3, and Qbt 4. The alluvium is
composed of gravels, sands, silts, and clays that have been deposited in the canyon and have
subsequently weathered in place. The sands consist mainly of fine- to coarse-grained crystal fragments of
quartz and sanidine (Baltz et al. 1963, 8402). Figure 3.3.1-2 is a preliminary isopach map of the alluvium in
Mortandad Canyon. The data points were derived from information provided from previous boreholes for
wells in the canyon (for example, Purtymun 1995, 45344) and from recent reinterpretation of borehole
logs.

The bedrock tuff underlying the alluvium is variably weathered, and it is often difficult to distinguish the
fine-grained alluvium above the tuff from the tuff that has weathered in place. The weathered tuff ranges
from a few feet thick up to about 20 ft (6.1 m). In the lower canyon, the Cerro Toledo interval may subcrop
beneath the alluvium. Distinguishing sediments of the Cerro Toledo interval from alluvium in borehole
cuttings may have been difficult; therefore, identification of this unit in the Mortandad Canyon area has not
been previously documented.
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3.3.2 Geomorphology

Mortandad Canyon has several geomorphically distinct sections between its headwaters in TA-3 and its
mouth at the Rio Grande, which vary in their potential for sediment deposition and subsequent
remobilization. The major longitudinal variations in morphology are largely controlled by the bedrock

geology.

The upper canyon is relatively steep and narrow where the stream incises through Tshirege units Qbt 1v
through Qbt 4. In this section, local variations in stream gradient and resultant variations in the potential for
sediment storage occur relative to stratigraphic variations in the tuff. Relatively flat sections of the canyon
floor occur upstream of resistant units in the tuff, particularly west of where the channel begins incising
through unit Qbt 2, which provides opportunities for sediment storage. Ten Site Canyon has a similar
gentle reach upstream of unit Qbt 2. In some areas, the narrow canyon floor is partially filled with boulders
derived from adjacent Qbt 2 and Qbt 3 cliffs, which creates steep reaches with relatively little potential for
sediment storage.

The canyon floor begins widening and the channel gradient decreases where the channel reaches the
nonwelded tuff of Tshirege unit Qbt 1g about 4 km (2.5 mi) east of Diamond Drive and 12 km (7.5 mi) west
of the Rio Grande, which provides greater opportunity for sediment deposition and long-term sediment
storage (Figure 3.3.2-1). The channel gradient slowly decreases from about 0.022 m/m (2.2%, 1.3°) near
Ten Site Canyon to a minimum of about 0.014 m/m (0.8°) near state road NM4. The alluvium is dominated
by sand and thickens downstream to at least well MCO-8, where it is approximately 18.3 m (60 ft) thick. The
combination of decreasing channel gradient, widening canyon floor, and a thick section of permeable,
sandy alluvium all contribute to allowing surface water to infiltrate and sediment to be deposited; this
occurs primarily in lower Mortandad Canyon between MCO-5 and MCO-12. Downstream of state road NM4
the channel gradually steepens, and the alluvium pinches out where basalt is first exposed in the canyon
floor, 3 km (1.9 mi) west of the Rio Grande.

Limited examination of core from several boreholes and radiocarbon analyses of two samples of charcoal
indicate that most of the alluvium in lower Mortandad Canyon has been deposited in the past 10,000
years. Charcoal from a depth of 11.7 m (38.4 ft) in the borehole for well MCWB-6.5C yielded an age of
7260 = 50 radiocarbon years before present (Reneau et al. 1996, 55539), and charcoal from a depth of
10.1 m (33.1 ft) in the borehole for well TSWB-6.4 yielded an age of 7770 + 50 years before present.
Some boreholes have also penetrated the 50,000- to 60,000-year-old El Cajete pumice bed (Figure
3.3.2-2), which indicates a much greater age for some of the alluvium and the potential for significant
stratigraphic variability that could affect groundwater flow.

In lower off-site Mortandad Canyon, downstream of state road NM4, the channel steepens and drops
through a narrow slot cut into basalt and into underlying Tertiary sediments. This part of the channel is
much more rocky than the upstream part, and cobble- to boulder-size basalt clasts are common. The
channel gradient progressively decreases between the basalt and the Rio Grande, although the gradient
remains relatively high (>0.05 m/m) to the river. Near the Rio Grande, the canyon is a rocky alluvial fan that
borders the Rio Grande floodplain.

3.3.3 Geological Structure

Baltz et al. (1963, 8402, Figure 2) present a structure contour map for the top of the Tshirege Qbt 1g unit.
This map shows that subunits of the Tshirege Member dip gently eastward in the Mortandad Canyon area.
The eastward dip of these tuffs is probably the primary initial dip, mainly resulting from the burial of an east-
dipping paleotopographic surface and thinning of subunits away from the volcanic source to the west.
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Figure 3.3.2-2. Schematic cross section of Mortandad Canyon near Ten Site Canyon.

The paleotopography of the pre-Tshirege surface may strongly influence the direction of groundwater
flow in the Cerro Toledo interval beneath Mortandad Canyon. Available data are not sufficient to precisely
define this paleotopographic surface, although the data indicate that the pre-Tshirege surface beneath
Mortandad Canyon between moisture access tube MCM-5.1 and well SIMO may slope to the
east/southeast roughly parallel to the present canyon and between two major paleodrainages that headed
in the Sierra de Los Valles (Broxton and Reneau 1996, 55429). However, either southerly or northerly
components of flow in this area are possible. In addition, the confluence of Effluent Canyon and
Mortandad Canyon is relatively close to the inferred location of a major southeast-draining paleodrainage in
the Cerro Toledo interval, which suggests that the Cerro Toledo interval stratigraphy may have a more
southerly component to the west.

Paleotopography of the pre-Otowi surface may also influence the direction of flow of potential perched
groundwater in the Mortandad Canyon area. A significant zone of intermediate perched zone groundwater
occurs in the Guaje Pumice Bed approximately 300 ft (91 m) beneath Los Alamos Canyon. This
intermediate perched zone groundwater contains elevated concentrations of tritium (Broxton et al. 1995,
50121), which are declining over time, suggesting the passage of a tritiated groundwater plume (Longmire
et al. 1996, 54168). Although this perched groundwater has been found only in the area beneath Los
Alamos Canyon, structure contour maps (Broxton and Reneau 1996, 55429; Davis et al. 1996, 55446)
suggest that the gradient of the perching layer changes from eastward to southward near
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TA-21 and that water confined to this zone probably will move downgradient along the axis of a large pre-
Otowi paleodrainage toward the south, beneath Mortandad Canyon. The location of the axis of this
paleodrainage cannot be constrained precisely, but the available data suggest that it crosses beneath
Mortandad Canyon near borehole MCC-8.2 about 0.75 mi. (1.2 km) downstream of TW-8. Groundwater
infiltrating to and potentially perching in the Guaje Pumice Bed from Mortandad Canyon would tend to
migrate toward the axis of this paleodrainage and then flow toward the south or southwest.

Faults and fractures may play a role as infiltration pathways if they become saturated, particularly in the
canyon floor. Baltz et al. (1963, 8402) and Rogers (1995, 54419) did not identify any faults that displaced
the Bandelier Tuff in the Mortandad Canyon area. However, faults with pre-Bandelier displacement may
occur in the subsurface, although none have been identified with certainty to date.

Baliz et al. (1963, 8402) performed a preliminary study of joints (fractures) in the Bandelier Tuff on the walls
of Mortandad Canyon. The principal conclusions of this study were as follows.

. Many of the joints in Mortandad Canyon can be classified as master joints (that is, joints that are
numerically predominant and most persistent in length and pass through several groups of beds).

. Most master joints are vertical or dip no more than 85° and are generally perpendicular to layering
of the Tshirege Member.

. The master joints can be traced vertically across two or more subunits of the Tshirege Member
and, in places, across all subunits.

. The overall trends of the master joints are relatively straight, but most joints are curved slightly
along part or all of their length; some of the shorter joints have pronounced local curvature.

. Other joints dipping at angles from about 40° to 70° are especially common in the Tshirege Qbt 1v
unit, but generally they are not as persistent as the master joints.

. Although measurements of joint orientations were not sufficient to establish the fracture pattern
with certainty, the available data suggest grouping of sets of nearly parallel joints that form
conjugate patterns separated by 60°.

. Many of the master joints in the Tshirege Member were probably produced by tensional stresses
during cooling of the tuffs.

. Runoff from snowmelt was observed to infiltrate joints in the Bandelier Tuff on a topographic
bench north of Ten Site (TA-35).

Personnel from Field Unit 4 of the ER Project are conducting a more detailed investigation of fractures in
Mortandad Canyon. The field portion of this study is nearly completed, and the data will be analyzed in the
near future.

3.3.4 Data Requirements

Data needed in the geologic investigations in the Mortandad Canyon system to resolve uncertainties in the
conceptual model for the canyon, particularly those that relate to potential contaminant pathways, include

. the geologic nature and distribution of perching layers in alluvial and intermediate-depth
groundwaters,
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. the axis and downgradient direction for pre-Tshirege and pre-Otowi paleodrainages,
. areas of faulting and high fracture densities in Mortandad Canyon, and
. the geometry and distribution of geologic units below Mortandad Canyon.

3.4 Surface Sediments
3.4.1 Natural Background Conditions

Sediments in the Mortandad Canyon system are derived from erosion of the Bandelier Tuff and of soils
that have developed in the watershed, the latter including components of wind-blown sediment and
fallout pumice. The natural background chemistry of the sediments reflects both the source materials and
particle size distribution of resultant deposits. No background data are available from sediments in
Mortandad Canyon, but background data have been obtained from geologically similar settings in Ancho
Canyon and Indio Canyon (Reneau et al. 1996, 56047), which are also similar to background data
collected from upper Guaje Canyon, Los Alamos Canyon, and Pueblo Canyon by Field Unit 4 personnel in
1996 (McDonald et al. 1997, 04-0328). These background data will provide the basis for evaluating the
nature of contamination in Mortandad Canyon sediments.

3.4.2 Historic Channel Changes

Changes are known to have occurred in the Mortandad Canyon channel since Laboratory operations
began in 1943. Although these changes have been only partially defined, they affect the horizontal and
vertical distribution of contaminants in the alluvium. The changes include both aggradation that has locally
raised the level of the stream bed and degradation that has locally caused incision of the stream bed.

Progressive aggradation upstream of Ten Site Canyon apparently caused repeated flooding of the dirt
road; the channel was diverted to the north side of the canyon after the 1987 floods (see Section 3.6).
The former channel (now an “inactive channel’) can be traced downstream to the confluence with Ten Site
Canyon. Channel aggradation elsewhere is indicated by trees that are partially buried by sediment, both in
Mortandad Canyon and in the upper part of Ten Site Canyon. An example of channel incision is provided
at gaging station (GS) -2, which was installed circa 1974 on the stream bed but is now perched about 3 ft
(0.91 m) above the active channel.

Major channel changes were imposed beginning in 1974 with the construction of the first sediment traps
in Mortandad Canyon downstream from Ten Site Canyon and subsequent diversion of the channel near
the sediment traps (see Section 2.3.1 in Chapter 2 of this work plan and Section 3.6.1). These traps
quickly filled with sediment and became ineffective; new, larger traps were excavated in 1986. These traps
have been effective at enhancing sediment deposition in this area and limiting the downstream extent of
floods. The traps are periodically cleaned out after they fill with sediment to restore their storage capacity.

3.4.3 Previous Field Screening and Sediment Analyses in Ten Site Canyon

No systematic screening or analyses of sediments along the length of Ten Site Canyon has been
conducted; prior investigations have dealt with specific discharge areas from TA-35 into Pratt Canyon and
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from TA-50 into the head of Ten Site Canyon. These prior studies provide some data on the types and
concentrations of contaminants present in sediments in the Ten Site Canyon watershed.

The earliest documented discharges into the Mortandad Canyon watershed were from TA-35 into Pratt
Canyon (Ten Site Canyon was referred to as “Mortandad Canyon” in early reports). After an accidental
discharge of “very hot water” from the former wastewater treatment plant at TA-35 in August 1952, a
survey found elevated activity on the sediments 3 mi (4.8 km) from TA-35, extending downstream in Ten
Site Canyon and into Mortandad Canyon (Aeby 1952, 741). Elevated activity was reported as far
downstream as state road NM4 (Stoker and Koch 1996, 56027), although no written reports are
available on the level of activity in the sediments. Surveys from 1953 to 1955 documented elevated
beta-gamma activity in Pratt Canyon and downstream in Ten Site Canyon; the level of radioactivity
decreased downstream from the outfall (Dodd 1956, 4695; Purtymun 1975, 11787). Most of the
radioactivity was due primarily to radionuclides with short half-lives, which completely decayed in less
than a year; *°Sr (half-life of 28.6 years) was also found in the waste stream (see Section 2.4.4.1 in
Chapter 2 of this work plan). Monitoring continued until 1962, at which time field sites more than 500 ft
(152 m) from the former outfall were at or near background levels for gross-beta activity. Figure 3.4.3-1
shows the sediment sampling sites in Pratt Canyon; Figure 3.4.3-2 shows the results of the early
sediment analysis for radioactivity. Field measurements from a radiation grid survey in 1994 showed
similar results; elevated beta activity remained on the hillslopes in upper Pratt Canyon, but radioactivity
had decreased to at or near background levels at distances greater than 500 ft (152 m) from the outfall
(LANL 1996, 54422).

The Resource Conservation and Recovery Act (RCRA) facility investigation (RFI) report that evaluated
discharges from the former TA-35 wastewater treatment plant (Potential Release Site [PRS] No. 35-003]r])
identified a series of chemicals of potential concern (COPCs) in the human health screening assessment
including benz[a]anthracene, benzo[a]pyrene, benzo[b]fluoranthene, dibenz[a,h]anthracene, fluorene,
indeno[1,2,3-cd]pyrene, benzo[kjfluoranthene, chromium, and dieldrin (LANL 1996, 54422). These
analytes, in addition to *°Sr and possibly other radionuclides, may be present downstream in Ten Site
Canyon. Supplemental RFI sampling and analysis of PRS No. 35-003(r) was performed in early 1997;
results are pending (LANL 1997, 56175).

Discharges into Ten Site Canyon from sources other than the RLWTF occurred from TA-50 beginning
before 1975 and ending by 1981 when drain lines 55 and 67 were removed (see Section 2.4.6 in Chapter
2 of this work plan). Accidental discharges of untreated radioactive wastes and other chemicals also
occurred in 1974. Samples collected in 1993 from the active channel and adjacent inactive channels
and/or floodplains for a distance of approximately 1300 ft (396 m) downstream from the outfalls showed a
variety of contaminants present above background concentrations including ?*’Am, ®°Co, "*’Cs, K, %**Pu,
239240py, 225 Rq, 9Gr, #2Th, U, #°U,?%U, lead, mercury, nickel, silver, thallium, tritium, polycyclic aromatic
hydrocarbons (PAHs), and polychlorinated biphenyls (LANL, 1995, 49925). Analytes reported above
screening action levels (SALs) included #**Pu (maximum of 5190 pCi/g), *#*°Pu (453 pCi/g), "*'Cs (73
pCi/g), and *°Sr (58 pCi/g). The highest concentrations were restricted to one small area in the canyon
floor, which was excavated as part of an interim action in 1996; results of analyses from other areas showed
much lower concentrations. Samples from the inactive channel and floodplain showed elevated levels of
radionuclides to depths of at least 3 to 4 ft (0.91 to 1.2 m), which probably indicate a large amount of recent
sediment deposition and possibly suggest the presence of a large volume of contaminated sediments in
the upper part of Ten Site Canyon.
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3.4.4 Previous Field Screening and Sediment Analyses in Mortandad Canyon

Field screening and analyses of sediment samples within Mortandad Canyon have been conducted
sporadically since the early 1950s, which provide considerable amounts of data on temporal and spatial
variations in contaminant concentrations within the active channel downstream of Effluent Canyon,
particularly after 1963. Additional data have also been obtained at some sites outside the active channel
(inactive channels and/or floodplains), although investigation of these areas has been less intensive, and
the distribution of contaminants away from the channel is not completely known. Downstream variations in
contaminant inventory were investigated in the early 1970s (for example, Hakonson et al. 1976, 8920),
but current inventories are not well defined, and the relative amounts of contaminants stored in active
channels, inactive channels, and floodplains are also unknown.

3.4.4.1 Contamination in Mortandad Canyon Sediments between 1950 and 1963

Several sources provide information on contamination in Mortandad Canyon sediments before initial
discharges into Effluent Canyon from the TA-50 RLWTF in June 1963, although data from these early years
are relatively sparse. No data from this period are available from Mortandad Canyon upstream of Effluent
Canyon, also no data pertain to sediments in the watershed during the 1940s. Field measurements and
analyses conducted before June 1963 included a combination of active channel and inactive channel or
floodplain settings, although the geomorphic setting of some of the samples is not certain.

A drilling and sampling operation in 1960 found elevated gross-beta activity at depths of 0 to 1 ft (0 to

0.30 m) and 1 to 2 ft (0.30 to 0.60 m) in sediments at sites near wells MCO-1 and MCQO-2 in Effluent
Canyon, which may be due to discharges from the incinerator site at former TA-42 during 1950 and 1951
(Purtymun 1975, 11787). Slightly elevated gross-beta activity measured in sediments from the boreholes
advanced in 1960 in Mortandad Canyon as far east as the borehole for moisture access tube MCM-6A
(Figure 3.4.4-1) may have been due to downstream transport of radionuclides from the TA-42 source during
the early 1950s. Because most of the boreholes were located outside the active channel, these
measurements also indicate deposition of contaminated sediments in inactive channels or floodplains
during the 1950s. Samples of sediment collected from the active channel of Mortandad Canyon (at depths
of0, 1,2, and 3 ft [0, 0.30, 0.61, and 0.91 m]) in May 1963 also showed elevated gross-beta activity as far
downstream as sediment sampling location MCS-7 (near well MCO-7), as shown in Figure 3.4.4-2 (Purtymun
1975, 11787). The specific radionuclides present were not identified in these studies but are presumed to
include *Sr.

Analyses of samples collected from Effluent Canyon in 1972 and 1973 upstream of the TA-50 RLWTF
outfall provide additional data on contamination that probably resulted from early releases from TA-42. The
radionuclides "¥’Cs, #*®Pu, and #*?*°Pu were all measured at above background levels (Hakonson and
Bostick 1975, 29678; Nyhan et al. 1975, 11746), which suggests that a variety of contaminants are present
in pre-1963 sediments in Effluent Canyon and downstream in Mortandad Canyon.

As mentioned in Section 3.4.3, elevated levels of radioactivity were tracked in 1952 from the former
wastewater treatment plant at TA-35 downstream in Ten Site Canyon and into Mortandad Canyon (Aeby
1952, 741), and elevated levels in 1952 were also reported downstream as far as state road NM4 (Stoker
and Koch 1996, 56027). An increase in gross-beta activity in boreholes advanced in 1960 at the
MCO-8/MCM-8 transect line in Mortandad Canyon (downstream of Ten Site Canyon) relative to sites
upstream in Mortandad Canyon (Purtymun 1975, 11787) is also probably attributable to discharges from
TA-35 into Ten Site Canyon between 1951 and 1963 (Figure 3.4.4-1). The MCO-8/MCM-8 transect line
spans a distance of more than 400 ft (122 m) across the canyon floor, which demonstrates wide dispersion
of contaminants away from the main channel before 1960. The radionuclide *Sr is the primary contaminant
documented in these discharges that could still be present; most other radionuclides discharged at that
time have very short half-lives and would have decayed completely.
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3.4.4.2 Contamination in Mortandad Canyon after 1963
3.4.4.2.1 Active Channels
Early Investigations of Channel Sediments

After the TA-50 RLWTF began discharging into Effluent Canyon in June 1963, the United States
Geological Survey (USGS) and the Environmental Surveillance Group collected sediment samples from
the active channel. Samples were analyzed for radioactivity and selected radionuclides in 1965, 1970,
1971, and 1972. The results showed that beta activity was highest at GS-1 a short distance downstream
from the TA-50 RLWTF outfall in Mortandad Canyon and decreased downstream. Gross-beta and ?**Pu
and #*Pu activities measured at the farthest downstream site, MCS-12, were generally within natural fallout
background levels (Purtymun 1975, 11787).

The distribution of particle sizes in Mortandad Canyon channel sediments is shown in Figure 3.4.4-3.
Channel sediment samples were collected near the head of Mortandad Canyon, near the CMR Building,
and from selected sites downstream, including one in Ten Site Canyon near well TSCO-1 (sediment
sampling location TSCS-1) and one near well MCO-12 (sediment sampling location MCS-12) (Purtymun
1975, 11787). The channel sediments are derived from weathering of the Bandelier Tuff, and the
distribution of the particle sizes appears to be similar throughout the canyon. The greatest percentage by
weight of particles in the channel sediments was found in coarse and very coarse fractions, whereas the
very fine sand, silt, and clay-size fractions are generally less than 5% by weight of the channel sediments.
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Figure 3.4.4-3. Distribution of particle sizes in Mortandad Canyon channel sediments.
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In 1979 the relationship between particle size and transport distance in individual floods was investigated
in Mortandad Canyon by placing sediments containing radioactive tracers ('*'Ce, **Sb, *Sc, and '¥Ta) in
sediments in the stream channel and tracking their dispersion after three runoff events (ESG 1981, 6055,
p. 60 by T. E. Hakonson). Results indicated that silt and clay-size particles (<53 um) were depleted most
rapidly at the source and were transported at least 10 times farther downstream than were the medium to
coarse sands (106 to >495 um) during a given runoff event. The silt and clay-size particles also tended to
be concentrated in the stream channel where surface flow from a given event ceased. These results
indicate that the lag time between changes in contaminant concentrations or contaminant ratios at the
source and resultant changes downstream will be relatively short for silt and clay-size particles and longer
for the coarser sand-size particles.

From 1972 through 1974 the Ecology section of the Environmental Science group (then Laboratory
group H-8) conducted radioecology studies in Mortandad Canyon. Major objectives of the studies were to
determine the distribution of radioactive and other contaminants in various segments of the ecosystem
(for example, soil, sediments, vegetation, and fauna) and to attempt to understand the processes and
rates for Kinetics in the ecosystem. Major field sampling programs were completed in 1972, 1973, and
1974.

October through November 1972

Samples were collected 100 m (328 ft) upstream of the TA-50 RLWTF outfall and at distances of 0, 20, 40,
80, 160, 320, 640, 1280, 2560, 5120, and 10,240 m (0, 66, 131, 262, 525, 1050, 2100, 4200, 8400,
16,800, and 33,600 ft) downstream of the outfall. (The sample collected 1280 m [4200 ft] downstream of
the outfall was located upstream of GS-2; the sample collected 2560 m [8400 ft] downstream of the outfall
was located at the Ten Site Canyon confluence; the sample collected 5120 m [16,800 ft] downstream of
the outfall was located just upstream of the Laboratory boundary; the sample collected 10,240 m [33,600
fi] downstream of the outfall was located downstream of state road NM4.) Three boreholes were drilled at
each sampling location: one in the center and one on each side of the active channel. Samples were
collected at the center of the channel from the following depth intervals: 0 to 2.5, 2.5 to 7.5, 7.5 to 12.5,
and 12.5t030cm (0to 1, 110 3, 3to 4.9, and 4.9 to 11.8 in.). Samples collected from the side of the
channel were composited from the 0 to 30-cm (0 to 1-ft) depth interval. All samples were analyzed for
21Am, "¥Cs, "¥Cs, “°K, #®¥Pu, and ?*?*Pu (Hakonson et al. 1973, 4974).

May through July 1973

Samples were collected 100 m (328 ft) upstream of the TA-50 RLWTF outfall and at distances of 0, 20, 40,
80, 160, 320, 640, 1280, 2560, and 5120 m (0, 66, 131, 262, 525, 1050, 2100, 4200, 8400, and 16,800
ff) downstream of the outfall. Ten cores were collected at 0 to 30-cm (0 to 11.8-in.) depth intervals at each
sampling location. The cores were cut into four depth segments: 0 to 2.5, 2.5to 7.5, 7.5 to 12.5, and 12.5
to30cm (0Oto 1, 1103, 310 4.9, and 4.9to 11.8in.).

. All four segments of the cores collected at the distances of 0, 40, 640, and 2560 m (0, 131, 2100,
and 8400 ft) downstream of the outfall were nondestructively analyzed for '*’Cs to determine the
environmental variation of this radionuclide at those four sampling locations (Nyhan et al. 1978,
5726).

. Five of the cores from each sampling location were composited by depth interval and dry-sieved
into six size fractions: <53 u, 53 to 105 u, 105 to 500 u, 500 to 1000 u, 1 to 2 mm, and 2 to 23
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mm. Then the samples were destructively analyzed for ?*Pu and #**4Pu (Nyhan et al. 1976,
11747).

. The other five cores from each sampling location were composited and analyzed for soil properties
including organic matter, pH, cation exchange capacity, and exchangeable and water-soluble
calcium, magnesium, potassium, and sodium.

All samples were analyzed for '**Cs, '’ Cs, *°K, #*Pu, and #****°Pu (Nyhan et al. 1976, 11746).
May 1974

Samples were collected from three sites in Mortandad Canyon, designated as intensive study sites I, Il
and lll, which were located near the previous sampling locations at 320, 1280, and 2560 m (1050, 4200,
and 8400 ft) downstream of the TA-50 RLWTF outfall, respectively. Each intensive study site consisted of
a 100-m-long (328-ft-long) section of the active stream channel that extended to each side of the stream
channel 100 m (328 ft) or to the adjacent mesa top, whichever was encountered first. Sediment, soil, and
vegetation samples were collected at the following 10 randomly-determined locations within each
intensive study site: 15 m (49.2 ft) right, 20 m (65.6 ft) right, 24 m (78.7 ft) left, 36 m (118 ft) left, 38 m
(125 ft) right, 52 m (171 ft) left, 58 m (190 ft) right, 67 m (220 ft) left, 78 m (256 ft) left, and 85 m (279 ft)
right. (The numbers correspond to the distance downstream from the beginning of the upstream portion
of each intensive study site; the right and left designations are defined from the upstream perspective
looking downstream.)

The data were collected by H-8 personnel and, for the most part, represent an unpublished data set
(Nyhan 1997, 56178).

. Ten cores were collected in each sampling location. The cores were cut into two depth segments:
Oto7.5and 7.5to 30cm (0 to 3and 3to 11.8in.).

. Both segments of the cores collected at the distances of 0, 40, 640, and 2560 m (0, 131, 2100,
and 8400 ft) downstream of the outfall were nondestructively analyzed for '*’Cs to determine the
environmental variation of this radionuclide at those four sampling locations. Cores collected at the
distances of 20, 80, 160, 320, 1280, and 5120 m (66, 262, 525, 1050, 4200, and 16,800 ft)
downstream of the outfall were composited by depth for each sampling location.

. Two types of stream bank samples were collected in each sampling location.

- Composite samples were collected in 0.5 n¥ (5.4 f€) microplots (25 cm [9.8 in.] wide) used
to evaluate the concentration of radionuclides in the soils to correlate with the
corresponding vegetation samples. Four 60-cm-deep (23.6-in.-deep) samples were
collected in each microplot from the following depth intervals: 0 to 10, 10 to 20, 20 to 40,
and 40to60cm (0to 3.9, 3.910 7.9, 7.9 to 15.8, and 15.8 to 23.6 in.) and composited by
depth. Most of the microplots were located 0 to 25 cm (0 to 9.8 in.) from the active stream
channel, but at the 52 m (171 ft) left and 58 m (190 ft) right locations microplot samples were
also collected 25 to 50 and 1000 to 1025 cm (9.8, 19.7, 394, and 404 in.) from the stream
channel.

- Noncomposited samples were collected along a transect perpendicular to the stream
channel at the 52 m (171 ft) left and 58 m (190 ft) right locations. Sampling locations were
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situated at the following distances from the stream channel: 2, 10, 20, 50, 1000, and
10,000 cm (0.8, 3.9, 7.9, 19.7, 394, and 3937 in.) (or on the mesa top). Samples were
collected from the following depth intervals: 0 to 10, 10 to 20, 20 to 40, and 40 to 60 cm (0
t0 3.9,3.91t0 7.9, 7.9 to 15.8, and 15.8 to 23.6 in.).

. Vegetation samples were collected in each microplot. The dominant vegetation in each microplot
was identified, and all the vegetation was collected for analysis. Each sample was sorted into
green and nongreen portions for separate analysis for radionuclides. The results were correlated
with the analytical results of the composite samples described above.

All samples were analyzed for '**Cs, '¥’Cs, “°K, #*Pu, and #****°Pu (Nyhan 1997, 56178).

Data from the 1972 and 1973 sampling programs were published extensively; highlights of the results are
summarized in this section. However, much of the data from the 1974 sampling program have never been
published (Nyhan 1997, 56178). Recently these data have been located and retrieved from the
Laboratory’s archives. Because of the large volume, not all data have been reviewed at the time of
preparation of this work plan. These data will be reviewed and used in conjunction with the data collection
planned in Chapter 7 of this work plan to provide a detailed comparative evaluation of changes in
contaminant concentrations during the past 25 years.

In 1972 and 1973 the sediment samples were collected to evaluate variations in cesium and plutonium
concentration (Hakonson and Bostick 1975, 29678; Hakonson et al. 1976, 8920; Nyhan et al. 1975,
11746; Nyhan et al. 1976, 11747; Nyhan et al. 1978, 5726). Maximum concentrations (2200 pCi/g for
137Cs, 160 pCi/g for ?®Pu, and 70 pCi/g for ?9?*°Pu) were measured within 160 m (525 ft) of the source, and
concentrations generally decreased downstream. Concentrations remained well above background levels
at a sampling location 2560 m (8400 ft) downstream from the outfall but were at background levels 5120
m (16,800 ft) from the outfall. Field gamma measurements indicated that the downstream extent of
recognizable contamination was about 3.5 km (2.2 mi) from the outfall (Hakonson and Bostick 1975,
29678). The estimated plutonium inventory in the channel was highest at the 160-m (525-ft) sampling
location (closest to the outfall), decreased downstream to the 1280-m (5000-ft) sampling location, and
then increased at the 2560-m (8400-ft) sampling location where the channel widened and more sediment
was deposited (Hakonson et al. 1976, 8920).

Concentrations of '’Cs and**Pu were generally correlated in the 1972 and 1973 channel samples
(Hakonson and Bostick 1975, 29678; Nyhan et al. 1975, 11746), which indicates collocation of
radionuclide contaminants. This relationship was also seen in a data set from 1974 that included both
active channel and inactive channel or floodplain samples (Figure 3.4.4-4) (Nyhan et al. 1982, 7164).
Sampling and analyses at different depths at each location indicated that the channel sediments were
generally well mixed within the upper 12 to 30 cm (4.7 to 12 in.); radionuclide concentrations varied little
with depth. Cesium and plutonium concentrations in these samples were generally correlated with the
percent of silt and clay-size sediment, the cation exchange capacity, the organic matter content, and
calcium carbonate (CaCO,) percentages in the samples (Nyhan et al. 1975, 11746), which indicates some
of the potential controls on variations in contaminant concentration between samples. Analyses of
separate sediment particle-size fractions from individual samples showed that plutonium concentrations
were about 10 times higher in the silt and clay-size fraction than in the coarse sand-size fraction, although
most of the inventory within the channel was associated with the larger size fractions because of their
greater abundance (Nyhan et al. 1976, 11747).
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In 1974 a series of suspended sediment samples transported by one 31-cm-deep (12.2-in.-deep) runoff
event were collected at GS-2 located about 1.3 km (0.81 mi) downstream from the TA-50 RLWTF outfall.
Analysis yielded data on variations in suspended sediment and contaminant concentrations within a flood
(Hakonson et al. 1976, 8920). Concentrations ranged from 110 to 650 pCi/g for *’Cs, 7 to 91 pCi/g for
2Py, and 1 to 13 pCi/g for #?*°Pu; the highest concentrations were measured from the top of the flow
where the sediments were finer-grained. The highest concentrations were up to 10 times higher than
those measured in channel sediments at a nearby sampling location, which is consistent with the effect of
particle size on contaminant concentration shown by Nyhan et al. (1976, 11747). About 1% of the total
radionuclide inventory in each sample was in the dissolved load; 99% was associated with the suspended
sediments (Hakonson et al. 1976, 8920). The concentrations of "*’Cs, ?*Pu, and ?**2*°Pu in these samples
were correlated, which is also consistent with the analysis of channel samples by Hakonson and Bostick
(1975, 29678) and Nyhan et al. (1975, 11746).

Routine Environmental Surveillance of Channel Sediments

Since 1977 the Laboratory has collected surficial sediment samples annually from various locations along
the active channel of Mortandad Canyon. At present, seven locations are sampled on Laboratory property,
and six are sampled on San lidefonso Pueblo land; the samples are analyzed for radioactive constituents
and trace metals. Results are reported in the Laboratory’s annual surveillance reports (for example,
Environmental Protection Group 1995, 50285). The sediment sampling locations in Mortandad Canyon
are listed in Table 3.4.4-1 and shown in Figure A-2 in Appendix A of this work plan. Some of the analytical
results from samples collected at these locations are summarized in Figure 3.4.4-5(a), Figure 3.4.4-5(b),
and Figure 3.4.4-5(c). When examining the figures, the reader should note differences in the scales of the
ordinates; different scales were needed to capture the broad ranges of values.

TABLE 3.4.4-1
SEDIMENT SAMPLING LOCATIONS

Location Northing Easting Comment
Mortandad Canyon on Laboratory Property *
Near CMR Building 1772150 1619730 | At head of canyon
West of GS-1 1770350 1626650 | Upstream of Effluent Canyon
At GS-1 1770280 1626750 | Downstream of Effluent Canyon
At MCO-5 1769530 1632460 | Upstream of Ten Site Canyon
At MCO-7 1768600 1634480 | Downstream of Ten Site Canyon, upstream of sediment
traps
At MCO-9 1768450 1638050 | Downstream of sediment traps
At MCO-13 (A-5) 1767550 1641250 | Upstream of Laboratory boundary
Mortandad Canyon on San lidefonso Pueblo Land
A-6 1766750 1641900 | Immediately downstream of Laboratory boundary
A-7 1766350 1643700
A-8 1764750 1648900
A-9 1762040 1651700 | At state road NM4
A-10 1759200 1656150
A-11 1757100 1664300 | At Rio Grande
*See Figure A-2 in Appendix A of this work plan for locations.
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Two of the routine sampling locations in Mortandad Canyon are upstream of the main current contaminant
source at the TA-50 RLWTF outfall: one is at the head of the canyon near the CMR Building and one is in
Mortandad Canyon upstream of GS-1 and the confluence with Effluent Canyon. These locations may be
affected by both fallout contaminants from Laboratory stacks and discharges into the upper canyon;
however, most analytical results show concentrations close to background levels.

Sediments collected in the stream channel from GS-1 downstream to the sediment traps show elevated
levels of radionuclides probably attributable to discharges from the TA-50 RLWTF outfall in Effluent
Canyon. The highest concentrations of each analyte typically are found at GS-1 or at the next sampling
location downstream, MCO-5. Concentrations at MCO-7, which is located between Ten Site Canyon and
the sediment traps, are generally lower than at MCO-5. The highest concentrations reported in the active
channel for these radionuclides are 920 pCi/g for *’Cs in 1977, 299 pCi/g for 2Py in 1981, 107 pCi/g
for #Pu in 1977, 57 pCi/g for ' Am in 1985, and 17 pCi/g for *°Sr in 1978. Mercury has also been found in
channel sediments near GS-1 (Hakonson et al. 1973, 4974).

Reported concentrations of radionuclides in the Mortandad Canyon channel vary considerably from year
to year at each sampling location, although concentrations in samples collected in the 1990s are
generally less than from the mid-1970s to the mid-1980s (see Figure 3.4.4-5[a], Figure 3.4.4-5[b], and
Figure 3.4.4-5]c]). Ratios of different contaminants can also vary greatly with the age of the sediments;
these variations are probably associated with variations in the discharge from the TA-50 RLWTF. For
example, the #°#*°Pu/%Pu ratio would have been highest before 1968 when significant amounts of **Pu
were first discharged (Hakonson and Bostick 1975, 29678; Nyhan et al. 1975, 11746; Nyhan et al. 1976,
11747), and #92*Pu/%Pu ratios at the outfall were least (<1.0) during the mid-1970s and again after 1994
(Figure 3.4.4-6). Therefore, strong correlations among the concentrations of different contaminants may
not be present between sediment layers deposited in different years but may exist for sediments
deposited in a single year or in a series of years in which contaminants were discharged in similar
proportions, including the cesium/plutonium correlation reported from samples collected in the early
1970s, as shown in Figure 3.4.4-4 (Hakonson and Bostick 1975, 29678; Nyhan et al. 1975, 11746).
Such changes in isotopic ratios over time may allow approximate dating of individual sediment layers
deposited by flooding, including identification of sediments deposited before the first major discharge of
238Py in 1968.

Concentrations at a specific sampling location can also vary among samples collected at different times in
the same year; these variations possibly depend on recent flooding and/or on variations in particle size
between samples. For example, Figure 3.4.4-7 shows results from routine sampling in 1987 and a series
of samples collected on June 16, 1987, after an unusually large runoff event (ESG 1988, 6877). A sharp
peak in concentrations is evident at MCO-5 from the routine sampling event, but overall higher values
were obtained after the June 16 flood, with less of a peak at MCO-5.

Sediment transport past the sediment traps has occurred occasionally since their construction in 19786,
including twice in 1991 following several large precipitation events when the traps completely filled with
water and overflowed. Surface flow in 1991 extended for 650 ft (198 m) east of Sediment Trap No. 3. A
series of samples were collected from the flooded area (Environmental Protection Group 1993, 23249). A
channel sample 150 m (492 ft) east of the trap contained 225 pCi/g of '¥’Cs and 37 pCi/g of ?’Am, and a
sample collected 12 m (39 ft) farther east (where a defined channel was no longer present) contained 11
pCi/g of "*’Cs and 10 pCi/g of 2’ Am; *’Co, ®Co, ®*Rb, and "*Se were also measured above background
levels. In 1995 Field Unit 4 personnel collected additional samples from the fan immediately downstream
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Figure 3.4.4-6. Plutonium isotopic ratios in TA-50 RLWTF discharge and Mortandad
Canyon channel sediments.

of Sediment Trap No. 3, which was presumably deposited during the 1991 overflow event (see Section
3.4.4.2.3). One surface sample contained 8 pCi/g of %°?*Pu and 2 pCi/g of ?*Pu, whereas one subsurface
sample (2 to 3 ft) (0.30 to 0.61 m) contained low concentrations (0.2 pCi/g of #°2%°Py and 0.1 pCi/g of
238py), which suggests that the youngest deposits at this location are <2 ft (<0.61 m) thick. Other trap-
overflow events were reported in the 1987 and 1988 environmental surveillance reports (ESG 1989,
6894; ESG 1990, 6995).

Sediments collected from the routine environmental surveillance locations in the channel downstream of
the sediment traps, including near wells MCO-9 and MCO-13 on Laboratory property and sediment
sampling locations A-6 to A-11 on San lldefonso Pueblo land, typically have reported concentrations of
radionuclides at or very close to background levels. These results suggest that little transport of
contaminants occurred past the area of the sediment traps before they were constructed in 19786,
although higher concentrations could be present in inactive channel and floodplain deposits in these
areas. No runoff has been reported to have reached the Laboratory boundary in Mortandad Canyon since
1960 when routine monitoring of the canyon began, which suggests that if any contaminants have
reached San lldefonso Pueblo land, transport was probably before 1960 and thus before the initial
discharges from the TA-50 RLWTF outfall.
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Other Channel Sediment Sampling

In 1981 sediment samples were collected from nonroutine sampling locations in lower Mortandad Canyon
to assess the location of a proposed borrow pit (Purtymun 1994, 52951, p. 132-5). Samples were also
collected in 1978. The results of the analyses for '*’Cs, %*®Pu, ?**Pu, and gross-gamma radiation are shown
in Figure 3.4.4-8. The data show that in 1978 elevated '*’Cs activities (greater than 0.1 pCi/g) were present
as far east as location 11; activities declined to around 0.01 pCi/g east of that location. However, the 1981
data show that elevated '*’Cs concentrations were present as far east as location 13a, near well MCO-9.5,
which is downstream of where contaminants are usually detected in the annual surveillance sampling.
These elevated concentrations suggest occasional transport of contaminated material to this area,
possibly by the large flood event in 1978 or by localized sediment transport during several smaller
precipitation events.

In 1993 Laboratory personnel collected additional sediment samples from 11 locations along a transect
line between sediment sampling locations A-7 and A-8 on San lidefonso Pueblo land. The results of the
analyses of the samples for radioactivity and radionuclides are shown in Figure 3.4.4-5(b). One of these
samples contained a #****°Pu concentration slightly higher than the statistically-derived levels from fallout in
northern New Mexico, and the other 10 samples contained levels below the maximum fallout levels. Three
of these samples contained #*®Pu at levels that slightly exceeded the fallout reference level, whereas 3
samples contained '*’Cs concentration levels slightly above the reference level. Total uranium
concentrations slightly exceeded background levels at 2 of the transect locations (Environmental
Protection Group 1995, 50285). These analyses suggest possible transport of very low levels of
plutonium and "*’Cs onto San lldefonso Pueblo land.

Published Dose Estimates for Exposure to Sediments

The pathways of exposure from sediments in Mortandad Canyon were evaluated and reported in
Environmental Surveillance at Los Alamos during 1995 (Environmental Surveillance Program 1996,
55333). The exposure pathways considered in the evaluation were the external gamma radiation pathway
from radioactive materials in the sediments, the inhalation pathway from materials resuspended by wind
and animals, and the soil ingestion pathway. Because water in the canyon is not used for drinking,
irrigation, cattle grazing, or gardens, the drinking water, meat ingestion, and fruit and vegetable ingestion
pathways were not considered.

The computer model RESRAD was used to calculate the maximum total effective dose equivalent (TEDE),
which is the total of the effective dose equivalents from all pathways plus twice the error value. The
modeling considered three scenarios: (1) the entire canyon, (2) the sediment sampling location at GS-1,
and (3) the sediment sampling location near well MCO-5. The maximum TEDE for the entire canyon was
estimated to be 36.6 mrem, which is <37% of the DOE public dose limit (PDL) of 100 mrem/yr. The *’Cs
activity in the sediments at GS-1 and MCO-5 contributed more than 98% of the external gamma radiation
pathway, which also contributed more than 84% to the maximum TEDE for the entire canyon area. The
inhalation and soil ingestion pathway each contributed approximately 8% to the maximum TEDE. The
maximum TEDEs derived for GS-1 and MCO-5 were 43.4 and 22.1 mrem, respectively (Environmental
Surveillance Program 1996, 55333).

To consider the exposure rate from surface water in Mortandad Canyon, an exercise scenario was
proposed because surface water derived from Mortandad Canyon is not used for drinking, industrial, or
agricultural purposes. The exercise scenario assumed an individual exercising four times a week for 50
weeks and obtaining 10% of the necessary drinking water from the TA-50 RLWTF discharge or from the
derived stream in Mortandad Canyon. This amount of drinking water was calculated to be 16.1 L/yr. The
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total committed effective dose equivalent (CEDE) was calculated from activities measured in the TA-50
RLWTF discharge and the stream below the outfall, which were estimated to be 1.30 and 0.49 mrem/L,
respectively (Environmental Surveillance Program 1996, 55333).

Using the exercise scenario maximum consumption rate of 16.1 L/yr, the annual CEDE from ingestion of
the TA-50 RLWTF discharge was calculated to be 20.9 mrem/yr or 21% of the DOE PDL; the CEDE from
ingestion of surface water in Mortandad Canyon below the outfall was determined to be 7.8 mrem/yr or
7.8% of the DOE PDL. Using the average annual consumption rate of 5.7 L/yr, the annual CEDE
decreased to 7.4 and 2.8 mrem/yr, respectively. The results of sediment sampling and analysis activities
proposed in Chapter 7 of this work plan will be used to improve the dose estimates.

Recent High-Resolution Survey of Plutonium and Uranium Activity in Sediments

In 1994 additional sediment sampling and analysis in lower Mortandad Canyon was conducted to assess
the potential for contaminant migration at very low concentrations. Seven channel sediment samples were
collected at sediment sampling locations A-5, A-6 (at the Laboratory boundary), A-7, A-8, A-9, A-10, and
A-11 (at the Rio Grande) (Gallaher et al. 1997, 04-0329). The samples were analyzed by thermal ionization
mass spectrometry (TIMS) to accurately determine the plutonium and uranium activity levels and isotopic
ratios. Measurement of the abundance of ?*U and ?**U and the ?*°Pu/**Pu isotopic ratios in the sediments
provides information about the Laboratory’s contribution to plutonium and uranium concentrations relative
to global fallout.

Results of the analyses showed that combined ?*’Pu + ?*°Pu + *' Pu activity levels in sediments range from
0.06 pCi/g to approximately 0.0006 pCi/g. The ?**Pu and ?*°Pu activity levels at all the sediment sampling
locations were within the range of regional background levels (0.023 pCi/g) (Purtymun et al. 1987, 6687).
Uranium activities ranged from 0.6 to 1.7 pCi/g, and ?*U was observed at two locations, A-6 and A-7, in
concentrations slightly above detection limits (Gallaher et al. 1997, 04-0329). The **°Pu/*Pu ratios at
locations A-5, A-9, and A-10 could not be estimated accurately because of ?*°Pu activity levels near or
below detection limits. The ?°Pu/*Pu ratios at locations A-6, A-8, and A-11 indicated a possible
Laboratory component of plutonium. The data also indicated possible off-site migration of plutonium from
Laboratory sources as far as location A-8 near state road NM4. However, because only trace levels of
plutonium, all attributable to global fallout, were observed from state road NM4 downstream to the Rio
Grande (specifically at locations A-9 and A-10), the Laboratory component of the plutonium at the Rio
Grande location (A-11) was attributed to a source upstream from Mortandad Canyon and is probably from
Los Alamos Canyon (Gallaher et al. 1997, 04-0329).

3.4.4.2.2 Preliminary RFI Sediment Sampling and Analysis at PRS No. 50-006(d) in
Effluent Canyon

In 1993 an RFI was performed at PRS No. 50-006(d), the TA-50 RLWTF outfall that discharges to Effluent
Canyon. The sampling was performed by Field Unit 5 personnel in accordance with the approved RFI work
plan (LANL 1992, 7672). Soil samples were collected from 9 transect lines perpendicular to the drainage
channel, beginning approximately 20 ft (6.1 m) downstream of the outfall, and at 100-ft (30.5-m) intervals
approximately 900 ft (274 m) from the outfall. Each transect line consisted of three sampling locations
approximately 5 ft (1.5 m) apart: one or two in the active channel and one or two on the adjacent inactive
channels or floodplains. A total of 57 samples (including duplicates) were collected at 27 locations from the
following depth intervals: 0 to 0.5 ft (0 to 0.15m), 1.5t0 2.5 ft (0.46 to 0.76 m), and 3 to 4 ft (0.91 to 1.22
m) below ground surface. Table 2.4.6-2 (in Section 2.4.6 in Chapter 2 of this work plan) lists the sampling
locations and depths and the radiation screening data measured for each sample. Figure 3.4.4-9 shows
the sampling locations.
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Figure 3.4.4-8. Radionuclides in lower Mortandad Canyon sediments in 1978 and 1981.
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Preliminary analytical results for the samples are listed in Table C-1 (radionuclides), Table C-2 (metals), and
Table C-3 (organic compounds) in Appendix C of this work plan. Background values available for each
constituent (McDonald et al. 1987, 04-0328) are also shown on each table for comparison. Maximum
activities observed for radionuclides ranged from approximately 20 times background levels for *°Sr,
239240py, 2%, and #U, approximately 300 times background levels for *’Cs, 500 times background levels
for 24’ Am, to 2300 times background levels for ?*Pu and 1500 times background levels for tritium. Other
radionuclides that were observed significantly above background levels include °”Co, ¢°Co, *?Eu ?**Ra,
252Th, and #*U.

Concentrations of arsenic, barium, beryllium, chromium, lead, mercury, nickel, selenium, and silver were
also observed above background levels in the sediments. Maximum concentrations of mercury were 0.2
mg/kg (about 7 times background levels), and maximum concentrations of nickel were 48 mg/kg (about 5
times background levels). Most maximum concentrations observed were about 1 to 5 times background
levels except one sample that contained 8 mg/kg silver (28 times background level).

Organic compounds including acetone, aroclors, bis(2-ethylhexyl)phthalate, di-n-butylphthalate, and
trichlorofluoromethane were observed at low concentrations, usually one or two orders of magnitude
below mesa-top soil SALs. The data indicated that organic compounds do not occur in concentrations that
pose significant risks. Because PRS No. 50-006(d) is located in Effluent Canyon and Mortandad Canyon,
further investigation by Field Unit 5 was deferred to be part of the Mortandad Canyon investigation, and
investigation of the sediments below the outfall are included as part of this work plan.

Potential ecological risk associated with soil contaminants at PRS No. 50-006(d) was assessed by
performing an ecotoxicological risk screen using the data obtained from the surface sediment samples
(Gonzales and Newell 1996, 56045). Ecotoxicological screening action levels (ESALs) were computed for
nonradionuclide constituents in the soil; human risk SALs were used for radionuclide ESALs. The spatial
change in radionuclide concentrations from the TA-50 RLWTF outfall to the downstream sampling
locations was found to be statistically insignificant because periodic flow from the outfall extends beyond
the sampling area for the PRS. The ecotoxicological risk screen concluded that PRS No. 50-006(d) could
not be recommended for no further action based on the potential ecological impact. Additional risk
assessment was recommended for at least 17 COPCs (Gonzales and Newell 1996, 56045), and ecological
risk will be evaluated further, in accordance with the methodology being developed with NMED using the
more extensive data collected during this investigation.

3.4.4.2.3 Inactive Channels and Floodplains

Several investigations in Mortandad Canyon have provided data on contaminant concentrations at
selected locations in inactive channel or floodplain settings; these data allow comparisons of these
deposits with adjacent active channel sediments. However, no systematic evaluation of the horizontal or
vertical extent of contaminated sediments in these geomorphic settings has been attempted. In earlier
work cited herein, no distinction was made between inactive channel and floodplain; any location outside
the active channel was referred to as “bank.” In the following summary discussion, the term “bank” from
the original reference is used when no more precise morphologic distinction can be made.

Hakonson et al. (1980, 8924) collected 40 core samples from 10 bank locations and core from 10 active
channel locations along a 100-m (328-ft) segment of Mortandad Canyon about 500 m (1640 ft) downstream
of the TA-50 RLWTF outfall. The samples were analyzed for mercury, '¥’Cs, and plutonium isotopes.
Results of the analyses showed contaminant concentrations in the banks that are generally equivalent to or
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exceed those measured in the active channel sediments, which indicates storage of contaminants in these
locations. Concentrations in the banks varied much more with depth than concentrations in the channels;
concentrations also varied more with distance downstream from the outfall.

The distribution of radionuclides in and near the Mortandad Canyon channel was investigated by Nyhan et
al. (1982, 7164). In 1974 multiple sets of soil samples were collected through the banks from the active
channel and at intervals of 0.02, 0.1, 0.2, 0.38, and 10 m (0.07, 0.33, 0.66, 1.25, and 33 ft) from the
channel. Samples were collected at distances of 320 m (0.20 mi), 1250 m (0.78 mi), and 2500 m (1.55 mi)
downstream from the TA-50 RLWTF outfall. Contaminants were present below the banks to a depth of at
least 30 cm (11.8 in.) at the 320-m (1050-ft) location but only to a depth of 10 cm (3.9 in.) or less at the
2500-m (8200-1t) location, which suggests the thickness of sediment deposited at these locations
between 1963 and 1974. The width of the deposition zone was not well defined, although it extended
less than 10 m (33 ft) away from the active channel at the sampling locations. Contaminant concentrations
were generally lower in the banks than in the channel and were lower where the banks were higher, which
is consistent with less opportunity for floodwaters to overtop the higher banks. The calculated inventory of
contaminants indicated that 1 to 47% of each analyte at each location was contained within the banks,
although the volume of sediment deposited outside the active channel was probably underestimated
because the contamination was assumed to extend only 0.38 m (1.25 ft) from the active channel. Notably,
the bank samples generally displayed higher #°2°Pu/*Pu ratios than the active channel samples, which
suggests that the overtopping of the banks and the deposition of contaminated sediments had occurred
sometime earlier when discharges of ?**Pu were lower. Concentrations of cesium and plutonium were well
correlated in these samples (see Figure 3.4.4-4).

In 1991 sampling and analyses downstream of Sediment Trap No. 3 after the traps overflowed
documented dispersion of contaminated sediment away from the active channel; the dispersion extended
locally to at least 20 m (66 ft) from the channel to both the north and the south. Measured contaminant
concentrations in these out-of-channel areas ranged from 98 to 173 pCi/g for "*’Cs and 9 to 32 pCi/g for
241Am (Environmental Protection Group 1993, 23249). The thickness of the sediment deposited in 1991
was not reported. It is likely that these samples contained sediment from both 1991 and earlier floods.
Similar concentrations were also reported from this area after previous overflow events (ESG 1989, 6894,
ESG 1990, 6995).

3.4.4.2.4 Sediment Traps

The Mortandad Canyon sediment traps constitute a unique setting where sediments transported as both
bedload and suspended load in individual floods are deposited, which results in deposits that are, in some
ways, unlike sediments typical of either the active channel or the floodplains elsewhere in the canyon.
Contaminant concentrations in samples collected from the sediment traps vary with the particle size
distribution as well as the sediment age, although few quantitative data on particle size distribution of the
samples are available. The sediment traps have been cleaned out at irregular intervals after floods; the
clean-out piles where the sediments are placed (see Figure 2.3.1-1 in Chapter 2 of this work plan) contain
varying mixtures of contaminated and uncontaminated sediment.

Sampling and analysis of ponded water within the sediment traps has provided data on the concentrations
of contaminants transported as suspended sediment in individual floods. These data can be compared
with data from samples of stream bed sediment collected nearby to evaluate general particle size effects
on contaminant concentrations. Suspended sediment was collected from water ponded in the sediment
traps in 1987 and 1991 and analyzed for plutonium (ESG 1988, 6877, Environmental Protection Group
1993, 23249). Concentrations ranged up to 39 pCi/g for ?®*Pu and 137 pCi/g for ?%?*°Pu (see Table
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3.6.5-1), which are up to an order of magnitude higher than those reported from the same years at the
closest upstream sediment sampling location near well MCO-7. The suspended sediment samples
collected in 1987 were also analyzed for pesticides, organic compounds, volatile organic compounds
(VOCs), and metals, none of which were detected above background levels (ESG 1988, 6877).

Samples of sediment have been collected from the sediment traps in various years from both coarse- and
fine-grained deposits. Samples of fine-grained sediment collected from a depression in Sediment Trap
No. 3 after the 1991 floods showed 282 pCi/g of '¥’Cs, 38 pCi/g of ' Am, and 3.6 pCi/g of ®°Co
(Environmental Protection Group 1993, 23249). Maximum concentrations for various contaminants
reported in sediment traps samples collected in 1987, 1988, and 1991 were 97 pCi/g of "*’Cs (1987,
Sediment Trap No. 1 and Sediment Trap No. 2); 80 pCi/g of ' Am (1987, Sediment Trap No. 1); 59 pCi/g
of 2%290py; (1987, Sediment Trap No. 1); 18 pCi/g of ?*Pu (1987, Sediment Trap No. 1); 5.8 pCi/g of °Co
(1988, Sediment Trap No. 2); 40 pCi/g of >’Co (1988, Sediment Trap No. 2); and 7.6 pCi/g of °Se (1987,
Sediment Trap No. 1) (ESG 1988, 6877; ESG 1989, 6894, Environmental Protection Group 1993,
23249, LANL 1994, 55811).

In 1994 ESH-18 and the Department of Energy Oversight Bureau of the New Mexico Environment
Department (NMED) obtained data on variations in contaminant concentrations with sediment particle size
at Sediment Trap No. 1. Two samples were collected from each of two locations in the sediment trap.
Samples of fine-grained surface material and the underlying sandy material were collected near the inlet to
the sediment trap and in the center of the sediment trap. Results of the analyses showed that the finer-
grained sediments contained higher concentrations of radionuclides. Concentrations ranged from 3 to 18
times higher in the fine-grained sediments compared with the sand-sized sediments, averaging about 6
times higher (Table 3.4.4-2). The maximum concentrations in the finer-grained sediments were 10 pCi/g
for ?6Pu, 26 pCi/g for ?*?*°Pu, 34 pCi/g for ' Am, and 57 pCi/g for "*’Cs. These values are generally lower
than those in the suspended sediments collected in 1987 and 1991 (see Table 3.6.5-1 and Table
3.6.5-2) but higher than channel sediment samples collected near well MCO-7, which perhaps reflects
variable particle size distributions among the samples.

Preliminary RFlI Sampling and Analysis at PRS No. 00-001

Field Unit 4 personnel prepared a sampling and analysis plan for preliminary sediment sampling of the
sediment traps (PRS No. 00-001) and submitted it to the Environmental Protection Agency (EPA) for
approval on April 14, 1995 (LANL 1995, 46084). The EPA approved the plan with modifications on
September 19, 1995 (Davis 1995, 50094). The plan was revised based on EPA’s modifications in a
memorandum to the Field Unit 4 File dated October 24, 1995 (Pratt 1995, 51508).

Before conducting sampling activities (in February and March 1995), the field team conducted a radiation
grid survey near the sediment traps. Field screening during site surveys and sample collection activities
was performed using a Hazco 1256 organic vapor analyzer, a Ludlum Model 39 alpha meter, and an
Eberline ESP-1 beta/gamma meter. Background radiation measurements in Mortandad Canyon ranged
from 200 to 500 counts per minute (com) beta/gamma radiation depending on the location and substrate
rock type. Field screening measurements greater than 500 com beta/gamma radiation are generally
considered to be above background levels. Figure 3.4.4-10 shows the results of the radiation grid survey.
A total of 377 radiation grid locations were established at 20-ft (6.1-m) intervals in the sediment traps and at
50-ft (15-m) and 100-ft (30-m) intervals along the periphery of the sediment traps. The beta/gamma
radiation measurements ranged from 137 to 535 cpm, with a mean of 289 cpm. The highest
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measurements were obtained from the floor of Sediment Trap No. 3 and, generally, higher measurements
were obtained from active channel sediments than from inactive channel or floodplain deposits.

TABLE 3.4.4-2
CONCENTRATIONS OF RADIONUCLIDES AND METALS IN SEDIMENT TRAP No. 1°

Radionuclides
Part 1
Gross-Alpha Gross-Beta Sr-90 Sr-89 U-234 U-235
Sample ID pCi/lg | unc? | pCilg | Unc | pCilg | Unc | pCi/g | Unc | pCi/g | Unc | pCi/lg | Unc
Limits of Detection | N.A.°| 0.4 3 2 0.1 1 0.02) 0.02 | 0.02 | 3 3 N.A.
BSV 58.8 | N.A. | 46.1 N.A. 1.0 | NA. | NA.| NA | 239 | NA.| 0.16| N.A.
FINES-1 32.80| 4.0 | 29.50| 3.4 3.01| 087 | <26 | BDL* | 1.44 | 0.21 | <0.03| BDL
SAND-1 4.44| 0.56| 4.16 | 0.51 | <0.72| BDL | <0.83| BDL | 0.31 | 0.07 | <0.01| BDL
FINES-2 86 12 67.6 7.8 4.51| 0.95 NA | NA. RP | N.A. RP | N.A.
SAND-2 NA. | NA | NA | NA. | NA | NA. | NA | NA | NA. | NA. | NA | NA.
Part 2
U-238 Pu-238 Pu-239/240 Am-241 Cs-137
Sample ID pCilg Unc pCilg Unc pCilg Unc pCilg Unc pCilg Unc
Limits of Detection N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
BSvV 2.29 N.A. 0.006 | N.A. 0.197 | N.A. 0.139 | N.A. 1.28 N.A.
FINES-1 1.58 0.23 2.95 0.40 8.3 1.0 10.50 0.989 | 27 4.1
SAND-1 0.27 0.06 0.37 0.07 1.29 0.19 1.19 0.241 3.15 0.225
FINES-2 RP N.A. | 10.0 1.2 26.4 3.1 33.87 4.50 | 57.0 7.1
SAND-2 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 3.0 0.48
Part 3
Na-22 Co-60 TI-208 Pb-212 Pb-214
Sample ID pCilg Unc pCilg Unc pCilg Unc pCilg Unc pCilg Unc
Limits of Detection N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
BSvV <0.1 N.A. | <0.14 N.A. 0.906 | N.A. 2.36 N.A. 1.97 N.A.
FINES-1 25 3.7 0.309 | 0.062 | 2.2 0.59 2.5 0.56 1.5 0.29
SAND-1 RP N.A. | <0.043 BDL RP N.A. RP N.A. RP N.A.
FINES-2 RP NA. | <1.2 BDL RP N.A. RP N.A. RP N.A.
SAND-2 N.A. N.A. | <0.03 BDL N.A. N.A. N.A. N.A. N.A. N.A.
a. DOE Oversight Bureau sampling (October 28, 1994)
b.  Unc = uncertainty in counting statistics
c. N.A. = not available
d 532]/6; background screening value (McDonald et al. 1997, 04-0328); values may include 95% UTLs and maximum observed
e. BDL = below detection limit
f. RP = report pending
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TABLE 3.4.4-2 (continued)
CONCENTRATIONS OF RADIONUCLIDES AND METALS IN SEDIMENT TRAP No. 1°

Radionuclides
Part 4
Bi-214 Ra-226 Ac-228 Th-234 Th-208
Sample ID pCilg Unc? pCilg Unc pCilg Unc pCilg Unc pCilg Unc
Limits of Detection | N.A.° N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
BSV N.A. N.A. N.A. N.A. 3.3 N.A. <4.48 N.A. N.A. N.A.
FINES-1 1.5 0.32 1.5 2.9 1.8 0.45 2.7 0.77 22 0.59
SAND-1 RF N.A. RP N.A. RP N.A. RP N.A. RP N.A.
FINES-2 RP N.A. RP N.A. RP N.A. RP N.A. RP N.A.
SAND-2 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Metals
Part 1
Sample Ag Al As B Ba Be Ca Cd Cr Co
ID mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/Kg
BSvV 0.28 13260 3.98 4.1 127 1.31 3850 0.18 10.5 4.73
FINES-1 <1 5100 2.5 <1 80 0.8 2000 <0.5 6 3
SAND-1 <1 650 <0.5 <1 <10 0.1 220 <0.5 <1 <1
FINES-2 <2 4330 2.1 N.A. 92.9 1 2810 <0.2 12 3.2
SAND-2 <2 278 <0.5 N.A. 10.3 <0.2 184 <0.2 0.41 | <2
Part 2
Sample Cu Fe Hg K Mg Mn Mo Na Ni
ID mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
BSv 9.97 13800 0.03 2690 2130 543 1470 9.38
FINES-1 9 9400 <0.2 900 940 380 1 70 4
SAND-1 <1 1600 <0.2 100 100 62 <1 20 <2
FINES-2 12 7190 <0.025 N.A. 1090 439 <2 127 5
SAND-2 0.87 791 <0.025 N.A. 54.5 93 <2 <50 <5
Part 3
Sample Pb Sb Se Si Sn Sr Tl v Zn
ID mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
BSvV 19.7 5 <0.2 3.2 19.7 60.2
FINES-1 13 <6 0.6 580 6 12 <0.5 10 39
SAND-1 1.9 <6 <0.5 200 3 <1 <0.5 1 9
FINES-2 18 <10 <0.05 N.A. <10 N.A. N.A. 10.1 37.4
SAND-2 1.5 <10 <0.5 N.A. <10 N.A. <0.5 <2 <5
a. DOE Oversight Bureau sampling (October 28, 1994)
b.  Unc = uncertainty in counting statistics
¢. N.A. = not available
d B:’:I?V = background screening value (McDonald et al. 1997, 04-0328); values may include 95% UTLs and maximum observed
values
e. RP =report pending
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On November 15, 1995, sediment samples were collected at 10 locations in and around the sediment traps
and were identified by beta/gamma field screening to have radiation levels elevated about two times above
background. Elevated radiation levels were found in Sediment Trap No. 2, Sediment Trap No. 3, and the
clean-out pile northwest of Sediment Trap No. 1. Two sediment samples were collected at each location
(shown in Figure 3.4.4-11 and listed in Table 3.4.4-3) at depth intervals of 0 to 0.5 and 2to 3 ft (O to 0.15
and 0.61 to 0.91 m) using a shallow hand-auger. The samples were analyzed for gross-alpha, -beta, and
-gamma radiation; alpha spectrometry; gamma spectroscopy; metals; VOCs; semivolatile organic
compounds (SVOCs); moisture content; and tritium. The results of the analyses for radionuclides are listed
in Table 3.4.4-4.

TABLE 3.4.4-3
SEDIMENT TRAP SAMPLE LOCATIONS FOR PRS Nos. 00-001 AND 00-005°

Location Depth No. of
ID (ft) Samples Location Comment
05-2075 3 2 Sediment Trap No. 1 Center of sediment trap at toe of
prograding fan
05-2076 3 2 Sediment Trap No. 2 Edge of sediment trap
05-2077 3 2 Sediment Trap No. 3 Center of sediment trap
05-2078 3 2 Pile southwest of Sediment Clean-out pile from Sediment Trap No. 1
Trap No. 1
05-2079 3 2 Center of channel between Old sediment trap filled with sediment
Sediment Trap No. 1 and No. 2
05-2080 3 2 Center of old sediment trap Old sediment trap filled with sediment
05-2081 3 2 Outflow fan Downstream from Sediment Trap No. 3
05-2082 3 2 Pile northwest of Sediment Clean-out pile from Sediment Trap No. 1
Trap No. 1
05-2083 3 2 Alluvial bank deposit Mortandad Canyon alluvial reference
upstream of sediment traps sample
05-2084 3 2 Center of “Garden plot” Sample collected at PRS No. 00-005, the
“Garden plot”
*Preliminary RFI sampling

Results show that the surface samples (0 to 0.5-ft [0 to 0.15-m] depth) collected in each of the three
sediment traps (Location ID Nos. 05-2075, 05-2076, and 05-2077) contain ?**Pu concentrations ranging
from approximately 5 to approximately 23 pCi/g, but the samples collected at depth contain no more than
0.59 pCi/g of 2°Pu. The surface samples probably contained very fine-grained sediments left behind after
evaporation and infiltration of the surface water. The deeper samples probably consist of coarser-grained
alluvial material wetted by post-deposition infiltration of surface waters. Most of the contaminants are
evidently adsorbed onto suspended sediment in the water or on sediments at the surface of the sediment
traps.
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ABLE 3.4.4-4

ACTIVITY OF RADIONUCLIDES IN SEDIMENTS AT PRS No. 00-001°

Part 1
U-234 U-235 U-238
Location ID | Depth (ft) Sample ID Uncertainty Uncertainty Uncertainty
Background Screening Value® 2.39 0.16 2.29
05-2075 0-0.5 0405-95-0303 0.76 0.600 0.06 0.015 0.76 0.6
05-2075 2-3 0405-95-0304 0.93 0.075 0.04 0.01 0.91 0.075
05-2076 0-0.5 0405-95-0305 1.36 0.1 0.06 0.01 1.43 0.105
05-2076 2-3 0405-95-0306 0.95 0.075 0.04 0.01 0.97 0.075
05-2077 0-0.5 0405-95-0308 1.34 0.095 0.09 0.015 1.25 0.9
05-2077 2-3 0405-95-0309 0.61 0.5 0.04 0.01 0.60 0.035
05-2078 0-0.5 0405-95-0311 0.68 0.055 0.02 0.005 0.69 0.1
05-2078 2-3 0405-95-0312 0.50 0.045 0.05 0.01 0.50 0.045
05-2079 0-0.5 0405-95-0315 0.74 0.6 0.08 0.015 0.65 0.055
05-2079 2-3 0405-95-0317 0.74 0.6 0.05 0.01 0.75 0.6
05-2080 0-0.5 0405-95-0318 1.04 0.08 0.04 0.01 1.06 0.8
05-2080 2-3 0405-95-0319 1.57 0.11 0.10 0.015 1.47 0.105
05-2081 0-0.5 0405-95-0320 0.92 0.075 0.08 0.015 0.85 0.7
Part 2
Pu-238 Pu-239/240
Location ID | Depth (ft) Sample ID Uncertainty Uncertainty
Background Screening Value 0.006 0.197
05-2075 0-0.5 0405-95-0303 1.95 0.125 5.48 0.331
05-2075 2-3 0405-95-0304 0.047 0.010 0.043 0.010
05-2076 0-0.5 0405-95-0305 5.7 0.345 14 0.850
05-2076 2-3 0405-95-0306 0.038 0.005 0.117 0.015
05-2077 0-0.5 0405-95-0308 8.41 0.502 22.6 1.35
05-2077 2-3 0405-95-0309 0.208 0.010 0.592 0.011
05-2078 0-0.5 0405-95-0311 0.018 0.005 0.018 0.005
05-2078 2-3 0405-95-0312 0.104 0.015 0.153 0.018
05-2079 0-0.5 0405-95-0315 3.870 0.235 12.1 0.713
05-2079 2-3 0405-95-0317 6.74 0.402 1.98 0.115
05-2080 0-0.5 0405-95-0318 7.48 0.450 28.3 1.65
05-2080 2-3 0405-95-0319 6.39 0.385 36.1 2.12
05-2081 0-0.5 0405-95-0320 2.08 0.135 7.85 0.471

a. Preliminary RFI sampling in pCi/g
b. Background data from McDonald et al. 1997, 04-0328; values may include 95% UTLs and maximum observed values
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TABLE 3.4.4-4 (continued)

ACTIVITY OF RADIONUCLIDES IN SEDIMENTS AT PRS No. 00-001°

Part 1
U-234 U-235 U-238
Location ID | Depth (ft) Sample ID Uncertainty Uncertainty Uncertainty
Background Screening Value® 2.39 0.16 2.29
05-2081 2-3 0405-95-0321 0.43 0.04 0.01 0.005 0.45 0.045
05-2082 0-0.5 0405-95-0322 0.92 0.7 0.02 0.005 0.91 0.7
05-2082 2-3 0405-95-0323 0.75 0.6 0.05 0.01 0.72 0.6
05-2083 0-0.5 0405-95-0324 0.89 0.7 0.04 0.01 1.04 0.8
05-2083 2-3 0405-95-0325 0.33 0.035 0.02 0.005 0.27 0.03
05-2084 0-0.5 0405-95-0326 0.75 0.065 0.05 0.01 0.73 0.6
05-2084 2-3 0405-95-0327 0.45 0.04 0.03 0.005 0.49 0.045
Minimum | 033 0.01 0.27
Maximum 1.57 0.10 1.47
Mean 0.78 0.04 1.74
Part 2
Pu-238 Pu-239/240
Location ID | Depth (ft) Sample ID Uncertainty Uncertainty
Background Screening Value 0.006 0.197
05-2081 2-3 0405-95-0321 0.134 0.015 0.214 0.022
05-2082 0-0.5 0405-95-0322 4.33 0.265 12.7 0.754
05-2082 2-3 0405-95-0323 0.314 0.028 0.914 0.065
05-2083 0-0.5 0405-95-0324 0.221 0.022 1.15 0.078
05-2083 2-3 0405-95-0325 0.011 0.005 0.011 0.005
05-2084 0-0.5 0405-95-0326 7.35 0.435 245 0.151
05-2084 2-3 0405-95-0327 0.43 0.035 0.401 0.016
Minimum 0.011 0.01
Maximum 8.410 36.10
Mean 0.617 1.121

a. Preliminary RFI sampling in pCi/g
b. Background data from McDonald et al. 1997, 04-0328; values may include 95% UTLs and maximum observed values

Samples collected from the clean-out piles adjacent to Sediment Trap No. 1 (Location ID Nos. 05-2078 and

05-2082) show inconsistent analytical results. The samples collected from the east side of the large clean-out

pile located southwest of Sediment Trap No. 1 (Location ID No. 05-2078) contained 0.018 pCi/g of #*°Pu at
the surface and 0.15 pCi/g of ?°Pu at depth; both values were below the background screening values
(BSVs). However, at Location ID No. 05-2082 the surface sample contained 12.7 pCi/g of ?**Pu, and the 2- to

3-ft (0.61- to 0.91-m) sample contained 0.91 pCi/g. This clean-out pile probably represents the contaminated

sediment material that was cleaned from the bottom of the sediment trap, whereas the larger
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clean-out pile southwest of the sediment trap may contain alluvial material from clean out and enlargement of
Sediment Trap No. 1 in 1992. The base of this large pile was not sampled, but it may contain contaminated
sediment from the sediment trap that was removed before the sediment trap was deepened.

Two of the samples (Location ID Nos. 05-2079 and 05-2080) were collected from locations of old sediment
traps that had filled and have been abandoned. Location ID No. 05-2079 was in the old trench sediment trap
that now serves as the channel between Sediment Trap No. 1 and Sediment Trap No. 2. Some of the
sediments from this old sediment trap have probably been eroded by overflow from Sediment Trap No. 1
and have presumably been redeposited into Sediment Trap No. 2. The surface sample at this location
contained 3.87 pCi/g of ?*Pu and 12.1 pCi/g of ?*Pu, and the sample collected from the 2- to 3-ft (0.61- to
0.91-m) depth interval contained 6.74 pCi/g of **Pu and 1.98 pCi/g of ?°Pu. Location ID No. 05-2080 was in
the old pond sediment trap south of Sediment Trap No. 2. The samples contained up to 36.1 pCi/g of ?°Pu
at the 2- to 3-ft (0.61- to 0.91-m) depth interval, which was the highest activity of radionuclides observed at
this PRS. These data show that sediment retained in the old sediment traps contains relatively higher
activities of radionuclides, which is consistent with the TA-50 RLWTF discharge history; higher activities of
radionuclides were discharged during the early 1980s (see Figure 2.4.6-1 in Chapter 2 of this work plan)
when the old sediment traps were used.

Location ID No. 05-2081 was in the outflow area downstream from Sediment Trap No. 3. Samples collected
from the 0 to 0.5-ft (0 to 0.15-m) depth interval contained 2.08 pCi/g of ?*Pu and 7.85 pCi/g of **Fu,
whereas the samples collected from the 2- to 3-ft (0.61- to 0.91-m) depth interval contained only 0.13 pCi/g
of 28Puy and 0.21 pCi/g of ?°Pu. The surface samples probably contain sediment deposited from overflow of
the sediment traps in 1987 and 1991, whereas the deeper samples have been exposed to little, if any,
discharge.

Location ID No. 05-2083 represents the floodplain/overbank alluvial material upstream from the sediment
traps and south of the channel. The channel in this area is incised about 5 ft (1.5 m) into the alluvium;
therefore, no recent streamflow appears to have occurred at this sampling location. The area appears to be
normally vegetated and relatively undisturbed by recent flooding. The sample collected from the 0 to 0.5-ft
(0 to 0.15-m) depth interval from this location contained 0.22 pCi/g of ?*Pu and 1.15 pCi/g of ?°Pu, and the
sample collected from the 2- to 3-ft (0.61- to 0.91-m) depth interval contained 0.011 pCi/g of ?*®Pu and
0.011 pCi/g of ?*Pu. These results indicate that the floodplain surface of the alluvium has been exposed to
contaminated overbank streamflow, but the sediment material at the 2- to 3-ft (0.61- to 0.91-m) depth
interval has not.

The results of the analyses for metals are shown in Table 3.4.4-5. One sample from the surface of Sediment
Trap No. 3 contained concentrations of chromium, copper, mercury, selenium, and zinc greater than the
BSVs. A total of nine samples from seven locations contained concentrations of mercury greater than BSVs,
and all samples collected from the old sediment traps (Location ID Nos. 05-2079 and 05-2080) contained
mercury concentrations greater than BSVs. All other samples containing elevated mercury concentrations
were surface samples. A sample collected from one of the old sediment traps contained concentrations of
silver about 11 times the BSV. Similarly elevated concentrations of mercury and silver were noted in the
sediments downstream of the TA-50 RLWTF outfall (see Section 3.4.4.2.1) but have not been observed in
the sediments downstream of the cooling water outfalls at the head of Effluent Canyon at TA-48.

Results of sediment sampling and analyses at PRS Nos. 48-007(a and d) and 48-010 did not show mercury
concentrations greater than 0.07 mg/kg (LANL 1997, 55326), which suggests that mercury (and possibly
other metals) in Mortandad Canyon may have resulted from historic discharges from the former incinerator at
former TA-42 or from the TA-50 RLWTF.
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TABLE 3.4.4-5

CONCENTRATIONS OF METALS IN SEDIMENTS AT PRS No. 00-001°

Part 1
Location
ID Depth Ag Al As Ba Be Ca Co Cr Cu Fe

(t)

Background 0.28 13260 3.98 127 1.31 | 3850 4.73 10.5 9.97 | 13800

Screening Value®

Max x Background | 11.43 0.59| 0.80 0.82| 0.92 0.78| 0.78 1.13 1.50 0.93

05-2075 0.5 BDL® | 2520 1.5 31.7 | 0.42| 795 1.31 2.1 265 | 7197

05-2075 3 BDL 3650 1.9 51 0.71 | 1250 2 2.8 2.2 7850

05-2076 0.5 BDL 5600 2.5 839 | 1 2880 3 6.8 10.3 | 10100

05-2076 3 BDL 4610 1.9 659 | 0.96 | 1770 22 3.6 3 8840

05-2077 0.5 0.15 7860 3.2 104 1.2 | 3000 3.7 11.9 15 12900

05-2077 3 BDL 1390 0.63 16.7 | 0.42 | 377 0.86 1.5 0.43 | 5330

05-2078 0.5 BDL 2860 1.5 43.1 | 0.62| 901 1.6 2 2 6540

05-2078 3 BDL 2160 0.98 26.8 | 0.43| 713 1.1 2.9 1.2 4980

05-2079 0.5 BDL 2810 1 39.5 | 0.51| 1670 1.4 3.7 6.2 5510

05-2079 3 BDL 3550 1.4 44.7 | 0.53 | 1420 1.7 4.6 5.6 6000

Part 2

Location
ID Depth Hg K Mg Mn Na Ni Pb Se ' Zn

(ft)

Background 0.03 2690 2130 543 1470 9.38 | 19.7 | <0.2 | 19.7 | 60.2

Screening Value

Max x Background 5.00 0.51 0.70 0.87 0.08 | 0.70 | 0.95| 4.05| 0.66 1.00

05-2075 0.5 BDL 476 421 341 68.6 1.7 9.6 0.60 7.7 45.6

05-2075 3 BDL 566 657 315 68.1 2.9 8 0.81 6.8 |38

05-2076 0.5 0.05 1150 1060 444 72.6 4.9 15 0.6 9.7 | 51.8

05-2076 3 BDL 732 808 374 88.4 3.7 10.1 BDL 7.9 |39.7

05-2077 0.5 0.1 1360 1490 472 114 6.6 18.7 0.55 | 13.1 60.3

05-2077 3 BDL 264 237 172 41.2 1.3 4.4 BDL 3.4 | 285

05-2078 0.5 BDL 594 531 276 46.4 2.3 7.3 BDL 5.5 31.7

05-2078 3 BDL 400 395 192 49.8 2.3 5.3 BDL 3.9 |25.1

05-2079 0.5 0.04 538 548 217 50.1 2.4 8 BDL 52 |29.2

05-2079 3 0.09 611 602 240 68.5 3.2 9.5 BDL 55 |29.5

a. Preliminary unpublished results from Field Unit 4 in mg/kg
b. Background data from McDonald et al. 1997, 04-0328; values may include 95% UTLs and maximum observed values
¢. BDL = below detection limit
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TABLE 3.4.4-5 (continued)
CONCENTRATIONS OF METALS IN SEDIMENTS AT PRS No. 00-001°

Part 1
Location Depth
ID (ft) Ag Al As Ba Be Ca Co Cr Cu Fe
Background 0.28 13260 3.98 127 1.31 | 3850 4.73 10.5 9.97 | 13800
Screening Value®
Max x Background | 11.43 0.59| 0.80 0.82| 0.92 0.78| 0.78 1.13 1.50 0.93
05-2080 0.5 BDL° 4210 1.8 64.4 | 0.72 | 2710 2.2 5.5 12.1 7410
05-2080 3 3.2 5330 2 85.3 | 0.87 | 2470 3 7.8 14.8 | 9110
05-2081 0.5 BDL 2710 0.94 34.2 | 0.53 | 988 1 2.7 4.7 5780
05-2081 3 BDL 1040 0.42 11.9 | 0.28 | 288 0.56 2 0.26 | 3590
05-2082 0.5 BDL 3580 1.7 49.2 | 0.66 | 1690 1.8 5.1 7.7 6670
05-2082 3 BDL 2360 1.1 34.6 | 0.55 | 1000 1.1 3.3 1.9 | 5680
05-2083 0.5 BDL 5340 2.1 94.9 | 0.68 | 1790 3.4 4.6 4.7 8010
05-2083 3 BDL 1050 BDL 13.8 | 0.26 | 244 0.57 2.6 0.17 | 3050
05-2084 0.5 BDL 2640 0.62 33.8 | 049 | 1110 1.1 3.2 52 4770
05-2084 3 BDL 1790 0.6 226 | 0.36| 619 1.1 2.8 1.1 5120
Minimum | ¢.15 1040 0.42 11.9 | 0.26 | 244 0.56 1.5 0.17 | 3050
Maximum 3.2 7860 3.2 104 1.2 | 3000 3.7 11.9 15 12900
Geometric Mean 0.6928 | 2936 1.2846 | 40.18| 0.56 | 1112 1.51303| 3.5584| 2.9 6363

Part 2

Location Depth
ID (ft) Hg K Mg Mn Na Ni Pb Se v Zn
Background 0.03 2690 2130 543 1470 9.38 | 19.7 | <0.2 | 19.7 | 60.2
Screening Value
Max x Background | 5.00 0.51 0.70 | 0.87 0.08| 0.70 | 0.95| 4.05| 0.66 | 1.00
05-2080 0.5 0.07 | 1020 872 311 58.9 | 4 114 | BDL | 7.6 |39
05-2080 3 0.15 959 1040 341 934 | 6.5 | 159 | BDL | 10.6 | 52.6
05-2081 | 0.5 BDL 533 551 249 524 | 22 72 | BDL | 4.4 |32.7
05-2081 | 3 BDL 199 162 115 343 | 1.4 26 | BDL | 24 |19
05-2082 | 0.5 0.06 758 672 262 56.4 | 3.3 9.4 | BDL | 6.5 |339
05-2082 | 3 BDL 480 420 239 539 | 27 | 65 | BDL | 4.5 |292
05-2083 | 0.5 0.08 1370 1170 299 458 | 4.4 | 123 | 0.73 | 11 28
05-2083 | 3 BDL 216 176 100 31 1.8 | 26 | BDL | 22 | 152
05-2084 | 0.5 0.07 561 499 174 40.7 | 2.2 6.9 | BDL | 4.2 | 239
05-2084 | 3 BDL 330 344 170 373 | 2 45 | BDL | 42 | 276
Minimum | ¢ 04 199 162 100 31 1.3 26 | 055| 22 | 152
Maximum | g 15 1370 1490 472 114 6.6 | 18.7 | 0.81 | 131 |60.3
Geometric Mean | 0.0736 | 570 541.36 | 246 553 | 2.8 7.7 | 0.65| 57 |323

a. Preliminary unpublished results from Field Unit 4 in mg/kg
b. Background data from McDonald et al. 1997, 04-0328; values may include 95% UTLs and maximum observed values
¢. BDL = below detection limit
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The results of VOC and SVOC analyses in samples collected at PRS No. 00-001 are shown in Table 3.4.4-6.
Analyses showed most constituents below method detection limits with estimated values reported; the
table shows only those values that were not estimated by the laboratory. Toluene was detected at very low
levels in many samples and is thought to be due to laboratory contamination. Four SVOCs and all PAHs
were detected at low concentrations. The PAHs are probably due to runoff from asphalt roads and parking
lots within the Mortandad Canyon watershed. VOCs and SVOCs were detected at several orders of
magnitude below those found in mesa-top soils and are not considered to be COPCs in Mortandad Canyon.

3.4.5 Radiometric Surveys in Mortandad Canyon and Pratt Canyon

In April 1994 EG&G Las Vegas performed a Laboratory-wide aerial radiometric survey on behalf of the
Laboratory. The survey was conducted by a helicopter flying at 200 ft (61 m) above ground level using much
more sensitive detectors than those used for the ground radiation survey shown in Figure 3.4.4-10. The
final report of the survey has not been prepared, but preliminary results show a gamma radiation anomaly in
Mortandad Canyon. The indicated anomaly was identified as “man-made gross-gamma radiation” that
extends from the area of the TA-50 RLWTF outfall about 10,000 ft (3048 m) down the canyon. Figure 3.4.5-
1 shows the preliminary results of the aerial radiometric survey. The magnitude of the anomaly is greatest at
the approximate location of the sediment traps, and the eastern end of the anomaly is approximately 2000 ft
(610 m) downstream of the sediment traps. The apparent width of the anomaly is approximately the width of
the alluvium in the canyon floor, although the survey may overestimate the lateral extent of contamination
away from the channel.

In August 1996 the Washington Aerial Measurements Department of Bechtel Nevada took a number of in
situ gamma radiation measurements along the stream bed of Mortandad Canyon and Ten Site Canyon. The
measurements each consisted of a 15-min radiation measurement at 1 m (3.3 ft) above ground surface
using an 80% high-purity germanium detector. Lower Mortandad Canyon near the Laboratory boundary was
found to be at background radiation levels. Radiation increased upstream near well MCO-8 and near the
sediment traps where ?*’Am, '¥’Cs, and possibly °Co were identified by the high-resolution detector. The
highest measurement obtained was near well MCO-4, which was also the most upstream location measured
in Mortandad Canyon. Ten Site Canyon was found to be at or near background levels for gamma radiation
except for one measurement obtained in Pratt Canyon, which contained a slightly elevated gamma radiation
measurement. Bechtel is expected to deliver the final report of the gamma radiation in situ measurements by
mid 1997.

An in situ beta/gamma radiation grid survey was conducted in Pratt Canyon as part of the RFI for PRS No. 35-
003(r). The radiation grid consisted of 230 locations spaced at approximately 20-ft (6.1-m) intervals.
Beta/gamma radiation measurements ranged from 128 to 10,130 cpm, with an average of 617 com. The grid
locations with elevated measurements were selected for subsequent sample collection (LANL 1996,
54422). They were located in an area approximately 200 ft (61 m) long by 100 ft (30 m) wide along the upper
part of Pratt Canyon and on the western and southwestern headwall slopes of the canyon. The highest
beta/gamma measurement (10,130 com) was obtained in an area covered with vegetation on the southwest
headwall of the canyon near the outfall from the former diversion channel (PRS No. 35-003[d]). Other
measurements obtained near the outfall of the diversion channel ranged from 2000 to 6500 cpm. The
results of the radiation grid survey are shown in Figure 3.4.5-2.

3.4.6 Sediment Transport Modeling

Limited attempts have been made to model sediment transport in the Mortandad Canyon watershed. Lane
and Hakonson (1982, 11677) developed hydrologic and sediment transport models to route water

Mortandad Canyon Work Plan 3-51 September 1997



Environmental Setting Chapter 3

and sediment through alluvial channels and applied these models to Mortandad Canyon. Key components
of their modeling included differential transport of different particle size classes of sediment and an
enrichment ratio that describes changes in contaminant concentrations that result from sedimentary
segregation.

TABLE 3.4.4-6

CONCENTRATIONS OF VOLATILE AND SEMIVOLATILE ORGANIC COMPOUNDS
AT PRS No. 00-001

VOCs
Location ID Depth (ft) Sample 1D Sample Type Analyte Result (mg/kg)

05-2075 3 0405-95-0304 Sample Toluene 0.01
05-2076 0.5 0405-95-0305 Dup Toluene 0.012
05-2076 0.5 0405-95-0305 Sample Toluene 0.016
05-2076 0.5 0405-95-0305 Dup Tetrachloroethene 0.006
05-2076 3 0405-95-0306 Sample Toluene 0.012
05-2077 0.5 0405-95-0308 Dup Toluene 0.013
05-2077 0.5 0405-95-0308 Sample Toluene 0.013
05-2078 0.5 0405-95-0311 Sample Toluene 0.013
05-2078 3 0405-95-0312 Sample Toluene 0.014
05-2079 3 0405-95-0317 Sample Toluene 0.01
05-2079 3 0405-95-0317 Sample Acetone 0.038
05-2080 0.5 0405-95-0318 Sample Toluene 0.006
05-2080 0.5 0405-95-0318 Dup Toluene 0.006
05-2080 3 0405-95-0319 Sample Toluene 0.008
05-2081 0.5 0405-95-0320 Sample Toluene 0.007
05-2082 0.5 0405-95-0322 Dup Toluene 0.008
05-2082 0.5 0405-95-0322 Sample Toluene 0.012
05-2082 3 0405-95-0323 Sample Toluene 0.027
05-2082 3 0405-95-0323 Sample Tetrachloroethene 0.008
05-2083 0.5 0405-95-0324 Sample Toluene 12
05-2083 0.5 0405-95-0324 Dup Toluene 13

SVOCs

Location ID Depth (ft) Sample ID Sample Type Analyte Result (malkg)

05-2075 3 0405-95-0304 Sample Pyrene 0.42
05-2079 3 0405-95-0317 Sample Pyrene 1.4
05-2079 3 0405-95-0317 Sample Benzo[g,h,iJperylene 0.73
05-2079 3 0405-95-0317 Sample Fluoranthene 1.5
05-2079 3 0405-95-0317 Sample Phenanthrene 1.5
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Gallegos and Wenzel (1990, 6993) presented additional modeling that includes sediment transport in
Mortandad Canyon. They used the environmental risk simulation model BIOTRAN with a series of
subroutines (RUNOFF, GEOFLX, EROSON, and AQUIFER) to predict the movement of radionuclides and
pertinent chemical compounds in association with sediments through lateral and channel flow of runoff. In
addition, they modeled the movement of water into and out of portions of channels to simulate the dynamics
of moisture flow through specific groundwater-bearing zones within the watershed. The BIOTRAN soil water
flux subroutine, WATFLX, was modified to interface the relationships found in the SPUR model for runoff
and sediment transport into channels with the particle sorting relationships used by Lane et al. (1985, 6604)
to predict radionuclide enrichment and movement in watersheds. They applied the model fo four reaches
within upper Mortandad Canyon (between the headwaters and a point upstream of Ten Site Canyon) using
238(J for demonstration of the model. The model predicted net accumulation of U downstream of Effluent
Canyon and net depletion in upstream reaches, a pattern that is observed generally in results of field
investigations.

3.4.7 Data Requirements for Understanding Surface Sediments and Associated
Contaminants

Data required for the evaluation of contaminants within the sediments of the Mortandad Canyon system
include the following.

. The horizontal and vertical extent of contaminated sediments deposited by floods, including the
nature and effects of historic channel changes (for example, channel bed aggradation and/or
degradation, lateral migration and diversion of the active channel, and abandonment of inactive
channels)

. The full suite of contaminants that are present within the sediments at or above background levels
and their respective sources and approximate dates of discharge

. The inventory of contaminants present in the alluvium, partitioned into different reaches, into
different geomorphic units within each reach and possibly into different stratigraphic layers within
geomorphic units

3.5 Previous Subsurface Sediment and Bedrock Core Sampling and Analysis
3.5.1 Borehole Sampling Near Well MCO-6

In 1978 five unnamed boreholes were drilled in Mortandad Canyon to assess the potential movement of
plutonium in the bedrock tuff beneath the alluvium. Three boreholes were drilled in a line perpendicular to
the stream channel near MCO-6, and two other boreholes were drilled to determine background levels or
control conditions. Core samples were collected from the alluvium and the underlying tuff to determine the
moisture, tritium, and plutonium content of the alluvium and the underlying tuff and the tritium and plutonium
concentrations in the alluvial groundwater (ESG 1984, 6523; Devaurs and Purtymun 1985, 7415). The
exact locations of the boreholes were not documented.

The results of the investigation indicated that some infiltration of tritium and water into the underlying tuff
had occurred to a depth of at least 30 ft (9.1 m) below the alluvium. No significantly elevated concentrations
of 2%8Pu were found in the silts and clay of the alluvium or the underlying tuff. The concentration of ?*?°Py in
the three boreholes was slightly elevated when compared with the control core samples (maximum value
was 0.011 + 0.025 pCi/g), but the concentrations were much lower than those
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found in solution (filtered water samples) in the alluvial groundwater or in the stream sediments (ESG 1984,
6523). The investigation concluded that most of the plutonium in the alluvial groundwater is in solution as an
ionic complex that does not readily exchange by adsorption with clay minerals in the alluvium
(sorption/desorption processes and geochemical speciation in groundwater are discussed in more detail in
Section 3.5.4 and Section 3.8). However, this conclusion may be biased by the field sample processing
procedure. The water samples may have been acidified in the field and later filtered at the laboratory. If so,
dissolution of plutonium into the water from fine-grained suspended solids or organic complexes in the
sample before filtration would have occurred.

3.5.2 MT Boreholes

In November 1988 four test boreholes (MT-1 through MT-4) were drilled into the alluvium in lower Mortandad
Canyon in an effort to determine the shape, extent, and lithologic setting of the alluvial groundwater. The
boreholes were completed as wells. The locations of these wells are shown on Figure A-2 in Appendix A of
this work plan; borehole and well construction and water level information are discussed in Section 3.6.
Geologic logs of the boreholes were presented by Stoker et al. (1991, 7530) and Purtymun (1995, 45344).

The borehole for well MT-1 was drilled to a depth of 69 ft (21 m) in the middle of the canyon floor about 500 ft
(152 m) east of Sediment Trap No. 3 where the alluvium was reported to be 30 ft (9.1 m) thick.
Reinterpretation of the geologic logs during preparation of this work plan suggests that this borehole
probably bottomed in the alluvium at 69 ft (21 m). Boreholes for wells MT-2 and MT-3 were drilled about 700
ft (213 m) east of MT-1 near MCO-8 along a line transverse to the canyon. MT-2 was drilled to a depth of 64 ft
(19.5 m), and MT-3 was drilled to a depth of 74 ft (22.7 m). Although reports identified the base of the
alluvium at 35 and 31 ft (10.7 and 9.5 m), respectively, based on the lithologic descriptions and correlation
with logs from nearby wells, these boreholes probably did not penetrate through the alluvium. The borehole
for well MT-4 was drilled in the center of the canyon approximately 500 ft (152 m) east of the boreholes for
wells MT-2 and MT-3. This borehole was drilled to depth of 74 ft (22.7 m) and probably penetrated the Cerro
Toledo interval at approximately 65 ft (19.8 m), although the depth of the alluvium was reported to be 44 ft
(13.4 m).

The core samples obtained from the MT boreholes showed that the alluvium is composed of two distinct
stratigraphic units. The upper part of the alluvium is composed of coarse sand with lenses of silt and clay,
and the lower alluvium is composed of silt and clay with thin lenses of sand. The core samples also indicated
that alluvial groundwater occurs in the transition between the silt, clay, and sand lenses and that in places
the silt and clay are aquitards that serve to perch the water within the alluvium. These boreholes were drilled
in 1987 after a high runoff event that filled the sediment traps. This event may have provided a relatively rare
episode of infiltration from the stream channel to these interalluvial perched zones. Core samples were
collected from the four boreholes and analyzed for '*’Cs, *®Pu, #°Pu, tritium, and uranium. The results
showed that the alluvium contained relatively low concentrations of contaminants. Maximum concentrations
were "¥’Cs (0.243 pCi/g), tritium in core water (370 nCi/L), uranium (7.92 ug/g), *Pu (0.012 pCi/g), and **Pu
(0.038 pCi/g) (Stoker et al. 1991, 7530).

3.5.3 RCRA Compliance Boreholes
In 1989 and 1990 four boreholes (MCM-5.1, MCM-5.9A, MCC-8.2, and SIMO) were drilled to partially fulfill a

special condition of the Hazardous and Solid Waste Amendments (HSWA) Module (EPA 1990, 1585).
Three of the four boreholes (MCM-5.1, MCM-5.9A, and MCC-8.2) penetrated the saturated portion of the
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alluvium; SIMO did not. The total depths were 111.5, 194, 184, and 104 ft (33.99, 59.13, 56.1, and

31.7 m) below ground surface, respectively. The boreholes were drilled using a large-diameter hollow-stem
auger as a temporary casing while collecting cores from the underlying unsaturated Bandelier Tuff. Details of
drilling operations and core retrieval are provided by Stoker et al. (1991, 7530).

The lithologic descriptions of the stratigraphy encountered were presented by Stoker et al. (1991, 7530)
and Purtymun (1995, 45344). At the time, stratigraphic correlation between the existing and newly drilled
boreholes was not performed. During preparation of this work plan, inconsistencies in stratigraphic
thickness of the Tshirege Qbt 1g unit, the Tsankawi Pumice Bed, and Cerro Toledo interval sediments were
noted. This section presents revised stratigraphic intervals for the boreholes based on re-evaluation of
lithologic descriptions, chemistry, and photographs of the core samples. Because the Tsankawi Pumice
Bed has not been positively identified in samples from Mortandad Canyon, this unit has been combined with
the Cerro Toledo interval until more accurate stratigraphic information is available. Additional information
about the re-evaluation of the stratigraphy is discussed in Section 3.7.

Core samples were collected for analysis. One-gram split samples from each core sample were partially
digested using hot nitric acid (pH 1) for 24 hours; the acidic extracts were then analyzed for different trace
metals and uranium. Concentrations are reported as ppm (Lg/g) of extractable metals in the original core
sample. Total uranium and rare earth element concentrations in the core samples were determined using
delayed neutron activation analysis. Activities of several radionuclides, including ?'Am, '*’Cs, ?¢Pu, 23%29py,
%8r, tritium, and other isotopes, were determined using scintillation counting, alpha spectrometry, and
gamma spectroscopy. Chloride, fluoride, and nitrate concentrations in deionized water extracts were
determined using ion chromatography. Metal and trace element concentrations in the acidic extracts were
determined using atomic absorption and inductively coupled plasma spectroscopy methods (Stoker et al.
1991, 7530). Results of the analyses are discussed in the following sections.

3.5.3.1 Borehole for Moisture Access Tube MCM-5.1

The contact between the alluvium and the Tshirege Qbt 1g unit of the Bandelier Tuff occurs at 31 ft (9.5 m)
in MCM-5.1. The contact between Qbt 1g and the Tsankawi Pumice Bed/Cerro Toledo interval occurs at
approximately 50 ft (15 m) based on the revised stratigraphy. The bottom of MCM-5.1 is within the lower part
of the Cerro Toledo interval at 112 ft (34.1 m), probably within approximately 20 ft (6.1 m) of the top of the
Otowi Member. Alluvial groundwater was encountered from 24 to 31 ft (7.3 to 9.5 m) at the time of drilling
(Stoker et al. 1991, 7530).

Figure 3.5.3-1 shows the distribution of aluminum, iron, and manganese with depth in the upper section.
Analytical data for iron are not available below 48 ft (14.6 m). Aluminum and iron are concentrated in the
samples at 24 ft (7.3 m) within the alluvium. Aluminum shows another concentration increase between 39 ft
(11.9 m) and 47.5 ft (14.5 m) within the lower Tshirege Qbt 1g unit. Increases in aluminum concentrations at
these two depths may reflect an increase in abundance of clay minerals within the samples of alluvium and
Qbt 1g. Iron may occur as amorphous Fe(OH),, hematite, or goethite, although mineralogical analyses have
not be performed on the core samples. These solid phases are important because of their high surface
areas, which enhance the sorption of contaminants from solution (Longmire et al. 1995, 48818).
Manganese shows a maximum concentration at 18.5 ft (5.64 m) in the alluvium and continues to decrease in
concentration to a depth of 58.5 ft (17.8 m) at the top of the Cerro Toledo interval. A slight increase in
aluminum and manganese concentrations at 94 and 99 ft (28.7 and 30.2 m) may indicate a change in
lithology within the Cerro Toledo interval at these depths.
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Figure 3.5.3-1. Distribution of aluminum, iron, and mangane se in borehole MCM-5.1.

Distribution of several trace metals (cobalt, copper, lead, selenium, strontium, and zinc) with depth is shown
in Figure 3.5.3-2. These trace metals show concentration increases at 18.5 ft (5.64 m), 47.5 ft (14.5 m), and
93to 110 ft (28.4 to 33.5 m). The concentration increases at 18.5 ft (5.64 m) correlate with increasing
manganese concentrations in the alluvium, whereas the increases at 47.5 ft (14.5 m) correlate with an
increase in aluminum concentrations within the Tshirege Qbt 1g unit. These two depths may represent
zones of enhanced chemical weathering within the alluvium and the underlying Bandelier Tuff. The contact
between Qbt 1g and the Tsankawi Pumice Bed/Cerro Toledo interval occurs at approximately 50 ft (15 m),
below which the concentrations of the trace metals decrease notably. Increases in trace metal
concentrations at 94 and 99 ft (28.7 and 30.2 m) correlate with increases of aluminum and manganese
concentrations and may be due to chemical weathering within the Cerro Toledo interval, possibly forming
clay minerals. B